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Abstract: Background and Objectives: The therapeutic management of carious lesions remains a sig-

nificant focus for researchers, given their persistently high prevalence despite being largely prevent-

able. This study aimed to compare the effectiveness of a composite resin-based sealant material in 

halting extended non-cavitated dentin carious lesions when used therapeutically versus preven-

tively on caries-free teeth over a period of twelve months. Materials and Methods: out of the 236 chil-

dren examined, 45 were excluded from the study due to non-compliance with the inclusion criteria. 

Thus, the study included 191 children aged 10–12 years, and 764 molars in total. Results: among 

these molars, 171 were caries-free (ICDAS II code 0), forming the Control group, while 180 molars 

were classified with an ICDAS II score of 3, forming the Study group. All molars were sealed and 

evaluated at 6- and 12-month follow-up intervals. Both intervals revealed statistically significant 

differences (p < 0.05) in sealant retention and carious lesion development between sound (ICDAS 

code 0) and decayed (ICDAS code 3) teeth. Conclusions: the findings did not support the effective-

ness of sealants in halting non-cavitated dentin carious lesions classified as ICDAS II with code 3 

compared to their preventive application in sound teeth classified as ICDAS II with code 0. 

Keywords: dentinal caries; carious lesions; resin-based sealant; dental sealants; pit and fissure 

sealant 

1. Introduction

Dental caries remains the most prevalent chronic disease in children, even though it 

is largely preventable. Untreated dental caries is still a global public health issue and poses 

a serious economic burden [1–3]. Due to this fact, a therapeutic approach to carious lesions 

has been and continues to be a major concern for researchers in the field. Until recently, 

carious lesions were managed following the conventional ‘’drill and fill’’ concept, mean-

ing the complete carious tissue removal and the replacement of the missing tooth struc-

ture with a filling [4]. This surgical approach to dental care which implicates the removal 

of all carious tissues as a standard part of the dental caries treatment, is no longer recom-

mended [5,6]. The benefits of removing all carious dental structures have been called into 

doubt because of concerns about possible adverse effects such as weakening tooth struc-

ture and pulp damage, thus reducing the longevity of the restoration and of the restored 

tooth [6]. Additionally, this approach toward dental caries resulted from the historical 
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belief that it is an “infectious” disease caused by specific bacteria inducing demineraliza-

tion [7]. Therefore, caries lesion management must involve the excising of “infected” den-

tal tissue [8]. It was assumed that surgically removing contaminated demineralized tissue 

would “cure” the tooth of dental caries. Furthermore, the conventional drill-and-fill con-

cept was based on the erroneous philosophy that once a lesion was established, its further 

progress was inevitable unless lesion microorganisms were eradicated from the “infected” 

dental tissue [9]. 

In contrast to this, a more modern definition of dental caries is “a process which oc-

curs in the biofilm, leading to an imbalance in the equilibrium between tooth mineral and 

biofilm fluids” [4]. According to this, the caries process is not simply a continual demin-

eralization one, leading to cavitation, but rather a dynamic process characterized by alter-

nating periods of demineralization and remineralization [10]. If the demineralization pro-

cess dominates, the result is the loss of minerals, leading to the manifestation of caries 

lesions. When environmental conditions change and the re-deposition of minerals domi-

nates, the result is that the lesion progression halts [11,12]. In recent decades, numerous 

studies, involving placing fissure sealants over caries lesions, selective and stepwise exca-

vation and restoration, or even a lack of caries removal [13–15], conclude that caries lesions 

can be arrested provided that clinically biofilm-free conditions are maintained [16]. The 

actual objective in the management of caries lesions, focuses on controlling caries activity, 

while preserving hard dental tissue. Thus, nowadays, nonselective caries removal is con-

sidered overtreatment and is no longer recommended [6,17]. 

As a result, in recent years, the use of sealing materials has been extended for thera-

peutic purposes including managing pits and fissure caries lesions. This minimally inva-

sive technique involves the application of a sealant material over the carious process, 

which will ultimately halt its progression [14,18]. In the case of carious lesions limited to 

enamel, numerous literature studies already demonstrate the possibility of arresting these 

lesions using this new technique and recommend the therapeutic application of sealants 

[19–21]. For non-cavitated carious lesions that have extended into dentin, opinions are 

divided regarding a therapeutic approach, raising numerous questions and controversies. 

Some researchers advocate for minimally invasive treatment in this case by applying the 

sealant material over the carious process, believing that it will be halted in its progression 

on the principle that as long as the sealant remains intact, the underlying carious process 

cannot progress. They believe that state-of-the-art adhesives can provide the adequate ad-

hesion and retention of sealants even in dental structures that have undergone deminer-

alization due to carious grafting [22]. However, the results of other studies refute the suc-

cess of this method, suggesting the impossibility of stopping the progression of carious 

lesions because in this case, material retention is compromised, involving frequent reseal-

ing and the progression of the carious process [23]. The latest systematic review studies 

[24,25] conclude that the effectiveness of sealants in these cases is not well-documented, 

and the current information is qualitatively weak, requiring more concise studies to eval-

uate the progression/arrest of non-cavitated dentin carious lesions under sealant materi-

als. 

The purpose of this study was to evaluate and compare the effectiveness of a compo-

site resin-based sealant material used for therapeutic purposes in arresting extended non-

cavitated dentin carious lesions (ICDAS code 3) to its effectiveness when applied preven-

tively on caries-free teeth (ICDAS code 0) over a period of twelve months. 

2. Materials and Methods 

This study was conducted from February 2023 to March 2024 at the Integrated Dental 

Medicine Center of the University of Medicine, Pharmacy, Sciences, and Technology in 

Târgu Mureș. Ethical clearance to conduct the study was obtained from the Ethical Re-

search Committee of George Emil Palade University of Medicine, Pharmacy, Sciences, and 

Technology from Târgu Mureș no. 2064/09.02.2023. Patients were selected from several 

schools in the city of Târgu Mureș, with the assistance of the respective school 
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administrations. The selection criteria were as follows: healthy and cooperative patients, 

aged between 10–12 years, who had not undergone general fluoride treatment. Non-co-

operative patients, those with general medical conditions and/or specific medications, and 

those who had previously received or were currently receiving systemic fluoride treat-

ment, were excluded from the study. Before the beginning of the examinations, parents or 

legal tutors of children invited to take part in the study were informed with respect to the 

approved protocol, and their written consent was obtained. All the examinations and pro-

cedures were performed by two experienced dentists. Prior to the clinical data collection, 

the dentists completed an ICDAS II calibration course, assessing the condition of tooth 

surfaces and the presence of caries according to the International Caries Detection and 

Assessment System (ICDAS II) in a very similar way to previous researchers [26]. 

After the patient selection, permanent first molars with deep pits and fissures, which 

were at risk of caries, were selected. To assess caries risk in children, the authors used the 

Caries Management by Risk Assessment (CAMBRA) system [27]. All permanent first mo-

lars underwent professional brushing using prophylactic brushes and fluoride-free tooth-

paste. The examination was performed visually and tactilely on clean and moist/dry teeth 

(following the recommendations of the ICDAS II classification). A probe with a ball-end 

was used to remove any remaining bacterial plaque and to check the contour of the occlu-

sal surface, the presence or absence of carious lesions, cavities, and the existence of seal-

ants. 

Each occlusal surface was examined and received classification ranging from 0 up to 

6 according to ICDAS II criteria [26] (Table 1): 

Table 1. International Caries Detection and Assessment System. 

code 0 sound tooth surface; no evidence of caries after prolonged air drying (5 s) 

code 1 

first visual change in enamel: opacity or discoloration (white or brown) is 

visible at the entrance to the pit or fissure after prolonged air drying, which 

is not or hardly seen on wet surface 

code 2 

distinct visual change in enamel: opacity or discoloration distinctly visible at 

the entrance to the pit and fissure when wet, lesion must still be visible 

when dry 

code 3 

localized enamel breakdown due to caries with no visible dentine or under-

lying shadow: opacity or discoloration wider than the natural fissure/fossa 

when wet and after prolonged air drying 

code 4 
underlying dark shadow from dentine with or without localized enamel 

breakdown 

code 5 
distinct cavity with visible dentine: visual evidence of demineralization and 

dentine exposed 

Following this classification, only molars falling into the category of caries-free teeth 

and those with non-cavitated dentin carious lesions were selected and included in the 

study as follows: 

- Molars without carious lesions, categorized according to the ICDAS II classification 

as code 0, constituted the Control group. 

- Molars with extensive non-cavitated carious lesions reaching the dentin level, cate-

gorized according to the ICDAS II classification as code 3, constituted the Study 

group. 

Molars with hypoplasia, fluorosis, other developmental anomalies, those with ap-

proximal carious lesions, sealants, restorations, or those experiencing sensitivity to any 

type of stimulus were excluded from the study. Additionally, molars with carious lesions 

limited to the enamel (ICDAS II, code 1 and 2) and molars with carious lesions in the 

dentin that had already resulted in cavities (ICDAS II, code 4, 5, and 6) were also excluded. 
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All molars included in the Study group underwent radiological examination for a double 

confirmation of the extent of dentin carious lesions. This examination was conducted 

within the dental imaging department of the Dental Medicine Simulation Centre at our 

Faculty. 

All participating patients in the study were instructed to maintain proper oral and 

dietary hygiene. The recommended manual brushing technique was the Bass technique, 

which has been widely accepted in the literature for its enhanced effectiveness in plaque 

removal. For those who preferred to use an electric toothbrush, correct usage was demon-

strated. Instruction was conducted using models available in the Preventive and Commu-

nity Dentistry Department. Regarding dietary hygiene, children were informed about the 

principles of a proper diet, focusing on limiting sugar intake and replacing it with healthy 

snacks whenever possible. 

The molars included in the two groups were sealed with a light-curing white com-

posite-resin fissure sealant with fluoride-releasing properties, Helioseal F™, Ivoclar Viva-

dent Schaan, Liechtenstein. All procedures were carried out with the assistance of a 

trained chair-side clinical assistant using the “four-handed technique.” The application 

steps for the material were identical for both groups. According to the manufacturer’s in-

structions, these steps were as follows: professional tooth brushing, rinsing with water, 

drying with air/water spray, isolation with cotton rolls and further drying with air, appli-

cation of the demineralizing agent—37% phosphoric acid for 30 s, rinsing with water and 

drying with air, checking the etched tooth surface (opaque, matte appearance), applying 

the bonding agent, light-curing the bonding, applying the sealant, light-curing it for 20 s, 

and checking marginal adaptation and occlusion. 

Periodic check-ups were conducted at 6- and 12-month intervals. During each follow-

up visit, for each molar included in the study, the clinical retention of the material (Control 

and Study groups) and the incidence of new carious lesions for the Control group, or the 

evolution of existing lesions for the Study group, were assessed (Figure 1). To evaluate the 

sealant material’s retention, classic criteria used in the specialty literature—Simonsen’s 

criteria—were employed as follows: 

I—sealant retained entirely; 

II—sealant partially retained; 

III—sealant lost completely [28]. 

In cases where the sealant was completely retained, no intervention was required. In 

situations where it was partially lost, after excluding a cavitated carious process, the seal-

ant was reapplied to the appropriate areas. When it was lost entirely, a new seal was ap-

plied, again after excluding a cavitated carious process. In the case where a carious lesion 

has progressed and resulted in a cavity, the recommendation was to use the conventional 

therapeutic technique. The integrity and marginal adaptation of the sealant were assessed 

through visual and tactile examination. 

At the 12-month interval, molars from the experimental Study group, underwent a 

follow-up radiological examination to evaluate the progression of the carious lesion from 

this perspective as well. These radiographs were compared with the initial radiographs. 

Carious lesion progression was recorded when the final radiograph showed an increase 

in the lesion (radiolucency) compared to the initial radiograph, either in the occlusal-api-

cal or mesial-distal direction. The cessation of the carious process was noted when there 

was no change in both dimensional planes. 
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Figure 1. Consort flow diagram used the study. 

2.1. Sample Size Determination 

The required sample size was determined to be 703 teeth using G-power software™ 

for Windows, Heinrich Heine University, Dusseldorf, Germany, with a power of 95% (α 

= 0.05, β = 0.05). 

2.2. Statistical Analysis 

The results obtained from the examinations were recorded using GraphPad Prism™ 

V6.01 software for Windows™ 2017. For the evaluation of categorical data, the authors 

employed Fisher’s exact test and the chi-squared test. The selected significance level was 

set at 0.05, and p was considered statistically significant when p ≤ 0.05. 

3. Results 

Out of the 236 examined children, 45 were excluded either because they did not fall 

into the high-caries risk group according to the CAMBRA classification or because their 

four permanent first molars had already been sealed or restored, were affected by hypo-

plasia, fluorosis, or other developmental anomalies, or displayed carious lesions that, ac-

cording to the ICDAS II classification, scored at least 4. Therefore, the authors included 

191 children and 764 permanent first molars in the study. These were categorized 
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according to the ICDAS classification as follows: ICDAS score 0–171 (22.38%) molars, 

ICDAS score 1–2–185 (24.21%) molars, ICDAS score 3–180 (23.56%) molars, ICDAS score 

4–6–177 (23.16%) molars. Twenty-nine molars (3.79%) had fillings, and 22 (2.87%) were 

sealed. So, the initial sample included 171 caries-free molars, forming the Control group, 

and 180 molars categorized according to the ICDAS classification with a score of 3, form-

ing the Study group. 

At the 12-month follow-up, four children did not show up, and we lost eight molars, 

six of which were classified as ICDAS score 0 and 2 as ICDAS score 3. Thus, the final 

sample of the study included 165 molars classified as ICDAS score 0 and 178 molars clas-

sified as ICDAS score 3, which were sealed and assessed. 

The follow-up intervals were 6 and 12 months. All the obtained data were systema-

tized in tables. 

Both the 6-month (p = 0.0050) and 12-month (p = 0.0001) follow-up intervals showed 

statistically significant differences in terms of sealant retention between the two types of 

sealed teeth: sound (ICDAS 0) and decayed (ICDAS 3) (Tables 2 and 3). 

Table 2. Retention based on Simonsen’s criteria at the 6-month follow-up. 

6 Months I II III Total p Value 

code 0 ICDAS 95.75% (158) 0 4.24% (7) 165  

code 3 ICDAS 85.95% (153) 2.24% (4) 11.79% (21) 178 p = 0.0050 

Table 3. Retention based on Simonsen’s criteria at the 12-month follow-up. 

12 Months I II III Total p Value 

code 0 ICDAS 88.48% (146) 1.81% (3) 9.69% (16) 165  

code 3 ICDAS 64.41% (122) 7.86% (14) 23.59% (42) 178 p = 0.0001 

Additionally, the 6-month (p = 0.0306) and 12-month (p = 0.0029) follow-up assess-

ments revealed statistically significant differences between the two types of sealed teeth 

regarding the development of carious lesions (Tables 4 and 5). 

Table 4. Presence of carious lesions at 6 months. 

6 Months Yes No Total p Value 

code 0 ICDAS 0 165 165  

code 3 ICDAS 3.37% (6) 96.62% (172) 178 p = 0.0306 

Table 5. Presence of carious lesions at 12 months. 

12 Months Yes No Total p Value 

code 0 ICDAS 4.84% (8) 95.15% (157) 165  

code 3 ICDAS 15.16% (27) 84.83% (151) 178 p =0.0029  

Seven of the molars initially classified with code 0 according to ICDAS II classifica-

tion required the reapplication of a new sealant at the 6-month follow-up assessments. 

Two of these lesions progressed to code 1, while the other five lesions did not progress at 

all. Nineteen of the molars initially classified with code 0 according to ICDAS II classifica-

tion required the reapplication of a new sealant at the 12-month follow-up assessments. 

Five of these lesions progressed to code 1, and three progressed to code 2. The other 11 

lesions did not progress at all. None of these lesions progressed to code 3, 4, 5, or 6. 

Twenty-two of the carious lesions initially classified as code 3 according to ICDAS II 

criteria required the reapplication of sealants at the 6-month assessments. Three carious 

lesions required the application of fillings due to their transformation into lesions classi-

fied as code 4. The remaining lesions that retained their sealant intact did not require 
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further intervention. Twenty-nine of the carious lesions initially classified as code 3 ac-

cording to ICDAS II criteria required the reapplication of sealants at the 12-month assess-

ments. Twenty-seven carious lesions required the application of fillings due to their trans-

formation into lesions classified as code 4. Similarly, the rest of the sealed lesions, which 

maintained their sealant intact, did not require further intervention. None of these lesions 

progressed to code 4, 5, or 6. 

At the 12-month interval, radiological examination of molars from the Study group, 

where the sealants were retained, revealed the cessation of the carious process in both 

dimensional planes. 

4. Discussion 

The study explores an important clinical intervention in the field of dentistry, partic-

ularly focusing on the treatment of early-stage tooth decay. The study evaluates resin-

based composite sealants, a material commonly used in dental restorations, in treating 

non-cavitated dentin carious lesions, which are classified as ICDAS 3. These are early car-

ious lesions that have not yet formed a cavity but show visible signs of enamel breakdown 

with localized enamel breakdown and underlying shadowing from dentin [29]. These 

early interventions are crucial for preventing the progression of tooth decay, potentially 

reducing the need for more invasive treatments later. Resin-based composite sealants are 

noteworthy because, unlike traditional sealants that mainly act as a physical barrier, resin-

based composites might provide additional benefits such as better adherence and aes-

thetic qualities [30]. They might also offer active cariostatic properties due to the release 

of fluoride or other agents, enhancing their effectiveness in arresting caries development. 

The most crucial criterion for evaluating the success of a composite resin-based sealant is 

its retention in the grooves and fissures where it was applied [31]. Studies analyzing this 

aspect have concluded that the retention rate decreases over time. For example, a recent 

meta-analysis study found the retention rate of light-polymerizing sealants to be 83.1%, 

68.4%, and 57.8% at year 2, 3, and 5 of the check-ups periods [32]. Since the partial or total 

loss of the sealant leads to a loss of its ability to protect against carious lesions, it needs to 

be replaced [33]. These findings underscore the need for regular check-ups and reinter-

vention [34]. In the case of using sealants for therapeutic purposes, ensuring adequate 

retention is an even greater challenge. Even when the proper isolation of the tooth from 

saliva is achieved [35,36], demineralized enamel and underlying dentin can compromise 

polymerization shrinkage, marginal leakage, and the adhesion of the sealing material 

[37,38]. 

In the present study, the retention rate for the application of the sealant for therapeu-

tic purposes (Study group) is much lower and statistically significantly different (p = 

0.0001) than that for the application of the sealant for preventive purposes (Control 

group). Comparing with the specialized literature, the authors found that the retention of 

the sealant in our study 1-year post-application is similar to the retention of sealants ap-

plied for preventive purposes 3 years post-application [32]. This massive loss of the sealant 

applied for therapeutic purposes raises questions about its long-term effectiveness. The 

premature loss of sealants in such a short time interval has led not only to many resealing 

but also to the progression of sealed carious lesions that lost the sealant, transforming 

them into a percentage of 48% cavitated carious lesions that have a classic indication for 

treatment. This premature loss of the sealant applied to these types of carious lesions has 

been reported by other authors as well [35,39] and represents one of the strengths of the 

present research. 

In the case of teeth sealed for therapeutic purposes that did not lose the sealant dur-

ing the studied time interval, we did not record the progression of the underlying carious 

lesion, neither in clinical nor radiological evaluation. This decision is supported by nu-

merous studies in the specialized literature in recent decades. Their results support that 

as long as the sealant remains intact and provides a hermetic closure, carious lesions are 

isolated from the external environment, and access to nutrients is halted. This leads to a 
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dramatic reduction in the number of viable bacteria and the survival of less virulent bac-

terial species [40–42], slowing down or stopping the progression of the underlying carious 

lesion [43,44]. However, in the literature, there are also studies that contradict this hypoth-

esis of stopping the progression of grafted carious lesions already at the dentin level. Ac-

cording to this research, sealants cannot penetrate the depth of carious lesions, leaving 

empty spaces where microorganisms can develop and continue their demineralizing ac-

tivity [45]. Unlike saccharolytic bacteria associated with enamel caries, the bacteria present 

in dentin carious lesions are proteolytic bacteria with the ability to degrade the protein 

component of dentin to provide themselves with nutrients, without the need for external 

nutritional input [46,47]. In accordance with these studies, the lack of progression of den-

tin carious lesions in our study that retained the sealant may be due to the short time 

interval in which they were followed. Moreover, the significant loss of sealants in this pe-

riod could be explained by the progression of carious lesions followed by the collapse of 

the undermined enamel [44], transforming them into cavitated lesions, rather than the 

progression of the carious lesion due to sealant loss. 

Knowing that the retention rate decreases over time, the early and large loss of seal-

ants, as well as the transformation of non-cavitated dentin lesions into cavitated lesions 

within a short period of time—12 months—raises serious questions about the long-term 

effectiveness of dental sealant applied to this type of carious lesion. On the one hand, the 

difficulty of accessing these carious lesions with the impossibility of completely removing 

the bacterial plaque and the faithful adaptation of the sealant facilitate the continuation of 

demineralizing activity and their progression [37,38,45]. On the other hand, the enamel 

and dentin to which the sealant is applied are already partially demineralized, compro-

mising polymerization shrinkage, marginal leakage, adhesion, and retention [37,38]. 

Although there is currently no well-documented scientific evidence that sealant ma-

terials containing fluoride are more effective in preventing and arresting caries [48–50], 

the authors considered it useful to use such a sealant because fluoride is an element whose 

ability to reduce bacterial metabolic activity, inhibit demineralization processes, and fa-

cilitate mineralization processes is supported by numerous specialized studies [51,52]. Re-

cent studies [52,53] suggest that various operative factors, including moisture control, sur-

face preparation, and the application of dental adhesive, affect the clinical outcomes, and 

there are data [54] indicating better results in terms of the retention rate of the resin-based 

fissure sealant, but this cannot be the basis for concluding that this type of material is 

superior for the stated task. Further research is undoubtedly needed to determine which 

material is best suited for application as a fissure sealant [55]. 

Limitations of the Study 

It is mandatory to mention the limitations of the study, which include the small study 

group, the specific population (school children in Târgu Mureș), and the short observation 

period. This study is ongoing, and further results will be published in the future. 

5. Conclusions 

Composite resin-based sealants demonstrate effectiveness in both arresting early-

stage carious lesions (ICDAS 3) and preventing the onset of caries in healthy teeth (ICDAS 

0). This dual efficacy highlights the versatility of the sealant as a valuable tool in dental 

care, supporting its use not only in patients with initial signs of decay but also as a pre-

ventive measure in caries-free individuals. 

The durability and integrity of the sealant over the 12-month period are critical for 

its effectiveness. Proper adherence and lack of degradation are essential for sustained pro-

tective action against caries. This underscores the importance of material choice and ap-

plication technique in clinical practice, ensuring that sealants remain an effective part of 

caries management strategies. 
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