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AbstrAct
Dental caries on tooth surfaces is still a problem in many industrialized countries. For many years, 

dentistry was influenced by a mechanical approach characterized by the use of high-speed rotary cut-
ting instruments, and dentists predominantly used surgical methods to address caries. This included 
radical removal of diseased portions of the tooth, along with material-driven geometric extensions 
to areas that were assumed to be caries-resistant. This concept of extension for prevention was 
introduced by G. V. Black and influenced dentists for more than 120 years. Recently, a new para-
digm of operative conservatism, sometimes referred to as “minimally invasive dentistry,” has gained 
popularity. This paradigm is designed to promote maximum preservation of healthy dental structures 
over a lifetime. The aim of this review is to discuss the efficacy of current nonsurgical treatments for 
non-cavitated caries lesions in permanent teeth. Based on results obtained from clinical trials, this 
review evaluates treatments such as consumption of CPP-ACP added gums, resin infiltration and 
fissure sealing. Although in a few cases an invasive approach is needed to arrest caries progression, 
the non-surgical approach generally provides potential benefits that include conserving structure 
by delaying intervention or minimizing the operative procedure. All current non-invasive methods 
are effective in treating non-cavitated caries lesions. The adoption of non-invasive approaches in the 
management of these lesions can preserve dental tissues, thus increasing tooth longevity. (Eur J 
Dent 2011;5:229-236)

Key words: Dental history; Minimally invasive dentistry; Operative dentistry; Pit-and fissure seal-
ants; Remineralization; Resin infiltration.
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It is important to note that the dental profes-
sion’s approach to the treatment of caries has 
been evolving in recent years. A generation ago, it 
would have been fair to characterize the predomi-
nant treatment philosophy as being reactive and 
focusing on operative intervention. When lesions 
were detected, and often when they were just sus-
pected, they were restored, and the earlier the 
better. Over the past several decades, advances 
in materials and technology and changes in car-
ies epidemiology have all contributed to the emer-
gence of a more proactive, tailored, preventive and 
conservative treatment philosophy characterized 
by greater attention to the individual and his or her 
disease, with reduced emphasis on universal im-
mediate surgical intervention.1

In a changing practice environment, it is im-
portant that educational institutions and provid-
ers of continuing education continually update the 
body of evidence related to the effectiveness of 
sealants in dental caries prevention and manage-
ment.2 Moreover, other non-surgical therapeutic 
modalities to treat caries lesions have been raised 
in the literature, such as resin infiltration3 and 
consumption of CPP-ACP-based products.4 How-
ever, fewer studies have discussed the efficacy 
of these treatments for caries lesions and their 
benefits on oral health based on results of long-
term clinical trials. Therefore, this study aimed to 
discuss the role of the recent non-surgical, ultra-
conservative approaches in treating non-cavitated 
caries lesions by means of clinical investigations 
in permanent teeth.

dEntAL cArIEs: bIoLoGY And 
EPIdEMIoLoGY
Dental caries is a complex, multifactorial, 

biofilm dependent, and chronic disease process5 
caused when the products of bacteria diffuse into 
tooth enamel and dentin and dissolve the mineral.6 
Caries occurs as a result of a continuum of cyclic 
demineralization and remineralization of enamel.7 
Some components of the caries process act at the 
tooth surface (saliva, biofilm, diet, fluoride), while 
another set of determinants of the process act at 
an individual level (a person’s behavior, knowl-
edge, attitude, education, socioeconomic status, 
income).8 The formation of plaque biofilm enables 

IntroductIon the proliferation of acidogenic, aciduric, and cario-
genic bacteria5 and consequently reduces salivary 
pH.9 Frequent consumption of dietary sugars and 
acidic drinks10 throughout the day further prolongs 
periods of low pH.5 Such extended periods cause 
an overgrowth of pathogenic oral bacteria, which 
produces acid. Depending on the individual factor 
above described, the process that act at the tooth 
surface can lead to a loss of mineral content in the 
tooth and caries progression into the tooth.5,8,9 

While the prevalence of dental caries worldwide 
has shown a dramatic decline in recent decades 
that correlates with the advent of fluoridated wa-
ter, numerous tooth cleaning devices and products, 
antibiotic treatment, and professional intervention, 
dental caries remains the number one chronic oral 
disease.11,12 Occlusal and approximal surfaces of 
teeth are the most frequent sites found with car-
ies lesions. The biofilm tends to form and mature in 
certain locations on the tooth, notably the occlusal 
surface, especially during eruption; the approximal 
surface cervical to the contact point; and along the 
gingival margin. These areas are relatively pro-
tected from mechanical wear by tongue, cheeks, 
abrasive food, and toothbrushing. Thus, these are 
the sites where caries lesions may become visible. 
It should be noted, however, that there is nothing 
special chemically about these particular areas of 
the tooth surface; they are susceptible to lesion de-
velopment only because the biofilm tends to stag-
nate there and remain "undisturbed" for prolonged 
periods of time.13 In this sense, clinicians should be 
able to treat caries lesions in the best way, espe-
cially occlusal and approximal ones.

FroM bLAcK’s ErA to tHE 
MInIMALLY InVAsIVE dEntIstrY 
APProAcH
It has been over 100 years since G. V. Black 

gathered together most of the knowledge then cur-
rent on the caries process and set clear parameters 
for the discipline of operative dentistry. Caries was 
regarded as “gangrene” of the tooth structure and 
it was not clear as to whether it began on the out-
side or the inside of the tooth crown. The roles of 
bacteria and food stuffs were hotly debated and the 
materials for restoration of lesions were relatively 
primitive.14 

In a farsighted statement, Black postulated that 
“the causes of immunity and susceptibility to dental 
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caries would necessarily be found in conditions of 
the general system influencing the qualities of the 
mixed fluids of the mouth by which the teeth are 
surrounded”.15 In other words, it was recognized 
that caries fulfils the dictionary definition of a “dis-
ease”; that is “a condition that results in medically 
significant symptoms in a human.” A limited treat-
ment dictated by the lack of depth in the under-
standing of the etiology was offered. There was an 
inadequate approach wherein the lesion was sim-
ply debrided and restored, without addressing the 
disease at a more fundamental level. As the dis-
ease would probably remain present and active, 
the cycle of debridement and restoration was like-
ly to be repeated, tooth extraction was the most 
reliable method of treatment for caries lesions.14

By the second half of the twentieth century, 
the knowledge and understanding of preventive 
measures had reached a reasonably sophisticated 
level and the profession was prepared to devote 
time to patient education.14 Research in cariology 
showed it was essential that the profession under-
stand how the disease is initiated in the oral envi-
ronment and how it progresses. As early as 1967, 
attention was drawn to the changing concepts in 
the treatment of caries.13,16-18 After Fusayama and 
colleagues summarized their concepts on ma-
jor modifications to cavity designs and the use 
of a total etch technique using resin composite 
as the restorative material, it became apparent 
that the caries process could be arrested and in 
fact reversed.19 It was shown that the powers of 
dental pulp recovery were greater than had pre-
viously been thought.20 Science then showed that 
the fluoride ion is an essential component in all 
age groups for the control of the disease. In re-
cent times, a technique has been developed that 
will ensure remineralization of enamel in depth to 
the extent that it can eliminate the white spot le-
sion completely.21 Moreover, it was demonstrated 
that glass ionomers are bioactive and will assist 
in remineralizing dentine on the floor of a caries 
lesion.22

The above-mentioned works contributed to 
develop the new minimal intervention approach 
in dentistry. Investigations into the cause and ex-
tent of the disease in the individual patient’s oral 
environment are essential corollaries to the treat-
ment, so it is essential to begin with elimination of 
the disease.14 If surgical interference is required, 

it should be recognized that only that part of the 
tooth surface which is irreversibly broken down 
will need to be replaced. Surrounding and un-
derlying demineralized tooth structure can still 
be remineralized and healed and therefore need 
not be removed. This means that the G. V. Black 
mantra of “extension for prevention” should be 
replaced with the concept of “prevention of exten-
sion”.14 So, minimally invasive operative dentistry 
is a conservative philosophy based on sound sci-
ence that spans the breadth of the disease con-
tinuum, including nonsurgical management of 
early non-cavitated carious lesions23 and the use 
of effective conservative interventions for dentinal 
caries.24 In this sense, it also has been recognized 
that the appropriate management of dental caries 
should involve improved diagnosis of early non-
cavitated lesions and treatment for prevention and 
arrest of such lesions.25

trAdItIonAL cArIEs 
rEMInErALIZInG strAtEGIEs
Primary caries lesions are classified as either 

enamel or dentin lesions. Enamel lesions may be 
subdivided into outer- and inner-enamel lesions. 
Caries that have reached dentin are classified as 
being in either the outer or the inner dentin; al-
ternatively, the dentin lesions may be divided into 
three depth categories: outer, middle or inner 
dentin.26

Ideally, remineralizing agents need to rapidly 
precipitate on partially demineralized tooth struc-
ture and transform into a more stable, less acid-
soluble apatite than the hard tissue replaced. They 
would need to do this in the presence of saliva and 
before the next acid challenge comes in contact 
with the newly precipitated mineral. If the mineral 
phase that is formed is soluble in saliva or under 
acid conditions, it will be rapidly lost. On the oth-
er hand, mineral that is taken up by the enamel 
may serve as a reservoir that could be released 
into fluid phase surrounding the enamel crystals 
during a caries attack and serve as a substrate for 
subsequent remineralization.25

Delivery methods for remineralization ma-
terials include toothpastes, mouth rinses, gels, 
pastes, chewing gums, lozenges, and foods and 
beverages. Fluoride remains the best established 
remineralization strategy, although definite evi-
dence that it can clinically reverse early caries 
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lesion remains limited.25 Moreover, other tech-
niques of remineralizing or even arresting pro-
gression of early enamel and dentin or root caries 
have been developed. 

noVEL EFFEctIVE trEAtMEnts 
For EArLY EnAMEL cArIEs
Remineralizing agents
The main remineralizer agents under consid-

eration are casein phosphopeptide-amorphous 
calcium phosphate (CPP-ACP) and casein phos-
phopeptide-amorphous calcium fluoride phos-
phate (CPP-ACFP), with major attention for the 
CPP-ACP. CPP-ACP is a nanocomplex thought to 
provide a reservoir of calcium and phosphate ions 
to maintain a state of super-saturation with re-
spect to tooth enamel and buffer plaque pH, and to 
provide ions for tooth enamel remineralization.25 
CPP-ACP can be incorporated into products such 
as mouth washes, chewing gums or professional-
use tooth creams. It has been related that using 
mouth rinse or chewing sugar-free gums contain-
ing CPP-ACP increases the level of calcium phos-
phate in plaque.27

Some authors have investigated the potential 
benefits of the consumption of gum CPP-ACP add-
ed on arresting progression of early dental car-
ies in enamel. It was demonstrated that the use 
of sugar-free, CPP-ACP-based gum was able to 
remineralize enamel subsurface lesions in situ.28 
In this study, specimens containing enamel sub-
surface lesions were sectioned into test and con-
trol half-slabs with the test half-slabs inserted 
into removable palatal appliances. First, subjects 
(n=10) chewed one of the three randomly allocated 
gums (two CPP-ACP-free and one CPP-ACP-con-
taining) for a 20-min period four times per day for 
14 days. At the end of the study period, each sub-
ject had chewed all three test gums, with a 7-day 
washout period between crossovers. After each 
14-day cycle, test and control half-slabs were 
paired, embedded in resin, sectioned, and subject-
ed to microradiography to determine remineral-
ization. The gum that contained CPP-ACP showed 
significantly greater remineralization than did the 
other two gums.

In a 24-month clinical trial,4 progression and 
regression of enamel approximal caries were in-
vestigated after 2,720 subjects randomly chewed 
gums with or without 54 mg of CPP-ACP. The 

results showed that for subjects chewing the 
CPP-ACP gum, the odds of a surface experienc-
ing caries progression were 18% less than those 
of a surface experiencing caries progression for 
subjects chewing the control gum. The 54 mg 
CPP-ACP sugar-free gum significantly slowed 
progression and enhanced regression of approxi-
mal caries relative to a control sugar-free gum in 
a 24-month clinical trial. Moreover, it was found 
in situ that CPP-ACP added to gum, even sugar-
containing gum, was able to arrest progression 
and increase significantly the remineralization of 
subsurface enamel lesions.29

So, scientific evidence shows that the con-
sumption of CPP-ACP gum is a low- cost, easy and 
effective treatment for early enamel caries.

Caries infiltration with low viscosity resin
After conventional caries-sealing, resin infil-

tration rises as an innovative approach to arrest 
progression of enamel caries lesions.30 The aim 
of resin infiltration is to soak up the porous lesion 
body with a low-viscosity resin (infiltrant) that is 
subsequently hardened with blue light.31 There-
by, diffusion pathways for cariogenic acids are 
blocked, and lesions are sealed and the progres-
sion is arrested. 

In a recent 18-month clinical observation,32 22 
young adults representing 29 pairs of interproxi-
mal lesions with radiological extension into the 
inner half of enamel or the outer third of dentin 
were randomly allocated to two treatment groups. 
Treatment was performed by a single trained in-
vestigator at the Charite-University Hospital Ber-
lin. A rubber dam was applied to achieve dry work-
ing conditions. In the test group, allocated teeth 
were slightly separated by plastic wedges that had 
been flattened by a scalpel to leave space below 
the contact point. A piece of polyurethane foil was 
placed in the contact area with a plastic holder to 
protect the adjacent tooth. A 15% HCl etching gel 
was applied by syringe in the area below the con-
tact point for 120 sec. Subsequently, the gel was 
washed off with air-water-spray for 30 sec. The 
lesion was desiccated by air-blowing for 10 sec, 
application of ethanol for 10 sec, and air-blowing 
again for 10 sec. An infiltrant was applied with 
another plastic holder. After 5 min of penetration 
time, excess material was removed by airblowing 
and flossing, and the resin was light-cured for 1 
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min from the buccal, occlusal, and oral aspects. 
The infiltration step was repeated once with a pen-
etration time of 1 min to infiltrate remaining poros-
ities. To avoid behavioral changes of participants 
with regard to oral hygiene, we did not inform them 
about the treatment allocation of their teeth. To 
ensure blinding, it was performed a placebo treat-
ment on control teeth: instead of HCl-gel and infil-
trant, water was used. Fluoridation, oral hygiene, 
and dietary instructions were given to the patients. 
The outcome after 18 months was radiographic le-
sion progression assessed by digital subtraction 
radiography. While only 7% of the infiltrated le-
sions showed progression, 37% of those assigned 
to the control group presented caries progression, 
so that infiltration of interproximal caries lesions 
was effective in reducing lesion progression. 

Although conventional caries-sealing has been 
found to be effective in arresting progression of 
enamel interproximal caries lesions,33 with this 
novel infiltration technique, the diffusion barrier is 
created inside the lesion and not on the surface. 
This facilitates clinical application, especially in the 
interproximal space,34 since no temporary tooth 
separation is required.

In comparison with the conventional restorative 
approach, both the above-mentioned treatments 
for either enamel smooth surface or especially 
interproximal enamel lesions allow a great con-
servation of sound tooth structure. When a restor-
ative procedure is performed in approximal areas, 
substantial amounts of sound tissue have to be re-
moved to assess caries lesions. Moreover, the first 
invasive intervention brings the tooth into a circle 
of treatment and re-treatment, often leading to 
crowns and implants irrespective of how well the 
first filling was prepared.35 In this view, the mini-
mally invasive dentistry approach claims that non-
surgical treatments for caries lesions should be 
preferred to invasive ones, in order to increase the 
tooth’s longevity in the mouth. However, if any sign 
of caries progression can be observed after a non-
surgical treatment for enamel lesions, the invasive 
one must be performed.

ArrEstInG cArIEs LEsIons In 
dEntIn tHrouGH A nonsurGIcAL 
APProAcH
Investigations showed that carious lesions in 

dentin continue to be treated by most dentists us-

ing an invasive approach because of the belief that 
remineralization or arrest of these lesions is not 
possible.36,37 Nevertheless, since 1998 it has been 
shown that composite restorations placed over 
frank cavitated lesions arrested their progression 
for 10 years.38 Recently, results obtained by Alves 
et al39 corroborated those from the aforementioned 
investigation, since even after partial carious den-
tin removal, progression of deep caries lesions 
could also be arrested. Furthermore, a deposition 
of tertiary dentin and a mineral gain was observed 
by radiological analysis. In both investigations, 
caries progression was controlled by restriction of 
nutrients for bacterial metabolism inside the le-
sion through cavity sealing.39 These findings cor-
roborate the statement that, once acid production 
by the microbial metabolism is controlled, the car-
ies process is controlled as well, regardless of the 
presence of bacteria in the dental tissue.38,40 There-
fore, isolation of microorganisms from the oral en-
vironment by cavity sealing is enough to prevent 
lesion progression. 

The option to restore a cavitated caries lesion 
may even be accepted, since an open cavity is found 
in these cases. On the other hand, dentin caries 
can result in visually non-cavitated lesions, which 
present clinically intact enamel over the bodies of 
the lesions.41 Some investigations have shown that 
invasive treatment may be recommended for the 
management of dentin non-cavitated carious le-
sions due to the lack of evidence indicating that 
dentin caries can be arrested.42,43 However, given 
the results obtained involving cavitated lesions,38,39 
it can be suggested that non-cavitated caries may 
also be arrested using a sealant material over the 
visually non-cavitated enamel. When dentists per-
form a surgical treatment for clinically non-cavi-
tated lesions in dentin by means of burs, a great 
amount of occlusal “sound” enamel needs to be 
removed to assess the body of the lesion.

Researchers at the Federal University of Rio 
Grande do Norte have investigated in vivo whether 
sealing the enamel over non-cavitated dentin car-
ies lesions with fissure sealants would be able to 
arrest their progression. In the first time,44 60 teeth 
with clinically non-cavitated occlusal caries radio-
graphically located beneath the enamel−dentin 
junction (radiolucent area) were selected among 
patients presenting a moderate to high risk of 
caries. The teeth were randomly divided into two 
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groups of 30 teeth each: an experimental group re-
ceiving an application of a resin-based light-cure 
sealant/guide for oral hygiene and a control group 
which received only the guide for oral hygiene. Af-
ter complete isolation with rubber dam, the tooth 
to be sealed was submitted to pumice and water 
prophylaxis with a Robinson brush. The occlusal 
surface was then etched with 37% phosphoric acid 
for 30 sec, washed with an air/water spray for 1 min 
and dried with an air stream according to manu-
facturer recommendations. Next, a resin-based 
light-curing sealant was applied with a dental 
probe to allow better flow of the material through 
the pits and fissures to be sealed. The sealant was 
then light-cured for 20 sec, and then sealant cov-
erage was evaluated by visual inspection using a 
dental probe in order to detect any pit or fissure 
region not covered with the resin material. Occlu-
sal contacts were examined using carbon paper to 
eliminate possible premature contacts. A single 
trained and experienced operator performed all 
sealings. Caries progression was monitored by 
clinical and radiographic examination at 4-month 
intervals over a period of 12 months. In addition, 
marginal integrity of the sealant was evaluated in 
the experimental group. The results showed that 
clinical and radiographic caries progression was 
significantly more frequent in control teeth when 
compared to the experimental group. Therefore, 
the resin-based light cure pit and fissure sealant 
was found to be effective in arresting progression 
of the carious lesions analyzed, suggesting that 
this intervention may replace the invasive treat-
ment traditionally used for teeth with dentin non-
cavitated caries.

Following this theory, another clinical trial45 
was conducted in an attempt to verify if a glass 
ionomer sealant could also arrest the progression 
of these dentin non-cavitated caries lesions, since 
glass ionomers are capable of forming chemical 
bonds with dental substrates in addition to releas-
ing fluoride.46 Fifty-one teeth with clinically non-
cavitated occlusal caries radiographically located 
beneath the enamel−dentin junction (radiolucent 
area) were selected among patients presenting 
a moderate to high risk of caries. The teeth were 
randomly divided into two groups: an experimen-
tal group receiving an application of a conven-
tional glass ionomer/guide for oral hygiene and a 
control group not submitted to any clinical inter-

vention (receiving only the guide for oral hygiene). 
After complete rubber dam isolation, the tooth 
to be sealed was submitted to pumice and water 
prophylaxis with a Robinson brush. Afterwards, a 
conventional high viscosity glass ionomer cement 
was used as a pit and fissure sealant. The glass 
ionomer cement was prepared, inserted with a 
dental explorer and adjusted on the occlusal sur-
face in such a way that it remained restricted to 
the sulcus, thus preventing overflow and wear and 
tear due to occlusion and mastication. The sealant 
was protected with a light polymerized adhesive to 
prevent syneresis and imbibition. Sealant cover-
age was then evaluated by visual inspection using 
a dental explorer in order to detect any pit or fis-
sure region not covered with the resin material. 
Occlusal contacts were examined using carbon 
paper to eliminate possible premature contacts. 
A single trained and experienced operator per-
formed all sealing procedures of the study in ac-
cordance with the recommendations of the glass 
ionomer cement manufacturer. Caries progres-
sion was monitored by clinical and radiographic 
examination at 4-month intervals over a period of 
12 months. In addition, marginal integrity of the 
glass ionomer sealant was evaluated in the ex-
perimental group. Clinical examination showed no 
statistical difference between the groups, so that 
sealed or unsealed teeth presented hypersensi-
tivity or cavitation clinically. On the other hand, 
sealed teeth presented statistically significant 
lower caries progression when analyzed by radio-
graphic examination. Thus, a glass ionomer seal-
ant over non-cavitated occlusal caries lesions in 
dentin may not be sufficiently effective in arresting 
their progression. This fact might be attributed to 
the low mechanical strength of conventional glass 
ionomer cements (GICs) in oral environment, 
leading to macroscopic loss. Although some mi-
croscopic remnants of GICs can be present in the 
bottom of fissures after macroscopic loss, this is 
not enough to protect the fissure surface, lead-
ing it to clinical signs of progression as it was ob-
served above.45

Therefore, it seems to be reasonable to choose 
a resin-based light-cure sealant to seal pits and 
fissures over dentin non-cavitated caries lesions. 
However, it must be pointed out that the loss of the 
sealant may occur after 12 months,44 so that clini-
cians should attempt to replace it if no evidence 
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of caries progression is observed or to restore it if 
any sign of caries progression is detected.

concLusIons
In the last 100 years, dentistry has shown a 

great change in the approaches adopted to treat 
caries lesions. The effectiveness of nonsurgical 
methods to treat enamel lesions is fully recog-
nized, and these methods can be used by clini-
cians worldwide. Concerning lesions in dentin, 
even visibly non-cavitated ones receive recom-
mendations for surgical interventions due to the 
lack of evidence indicating that dentin caries can 
be arrested without surgical intervention. How-
ever, results obtained by means of recent clinical 
trials highlighted the possibility of treating non-
cavitated caries lesions in dentin by sealing the 
pits and fissures with a resin-based, light-cured 
sealant. 

The paradigm as proposed by G. V. Black must 
be consigned as part of the history of dentistry. 
Although invasive treatment might be needed af-
ter some years of nonsurgical treatment for ei-
ther enamel or dentin lesions to arrest the caries 
progression, potential benefits have already been 
found to result from conserving structure by de-
laying intervention or minimizing the operative 
procedure. The above-mentioned non-invasive 
or microinvasive treatments for caries lesion in 
enamel and dentin must be preferred in an at-
tempt to preserve a higher amount of dental tis-
sues.
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