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Abstract 

Objectives: This clinical trial evaluated the effectiveness of provisional restoration with resin-modified glass 

ionomer (RMGI) during stepwise caries removal when compared to using a calcium hydroxide liner.   

Material and Methods: Caries lesions involving the inner third of dentin in posterior teeth were included in 

the study. Dentin thickness was radiographically measured, followed by analysis of clinical aspects (color, 

consistency and humidity) of dentin and bacteria counting. After partial caries removal, the cavities were 

restored with RMGI using (control) or not (experimental) a liner with calcium hydroxide. The patients 

returned after 60 days, while the symptom of irreversible pulpit/ necrosis (primary outcome) were assessed. 

The provisional restorations were removed after the delay period and the clinical aspects, dentin thickness and 

presence of bacteria were assessed.  The relative risk to irreversible pulpit/necrosis was calculated. The effect 

of treatment and time of assessment on secondary outcomes was also statistically analyzed.  

Results: The treatment did not affect the risk to irreversible pulpit/ necrosis, while restorations with this 

outcome presented thinner dentin on pulpal wall. In general; darker, harder, drier and less contaminated 

dentin was observed after the provisional restorations, regardless the treatment; while control resulted in 

darker dentin. No difference on dentin thickness was observed between the treatments. 

Conclusions: RMGI seems be suitable to provisionally restore cavities during stepwise caries removal. 

Clinical relevance: Applying calcium hydroxide liner seems does not provide any additional beneficial effect 

when used under restorations of deep carious lesions.   

Keywords: Clinical trial, Dental caries, Glass ionomer cement.   
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1. Introduction 

Despite recent developments on caries prevention and early diagnostic, untreated caries is still the 

most prevalent disease worldwide with a global prevalence of 35% for all ages combined [1]. The absence of 

early intervention results in the progression of early caries lesions to deep cavities involving the inner third of 

dentin, an occurrence that remains a significant challenge for clinicians [2-4]. The carious dentin removal 

prior to restorative procedure is commonly associated to significant risk to pulp damages, including pulpal 

exposure and irreversible pulpitis [5,6]. Considering the limited access of population to endodontic treatment 

in several countries, pulp damage can be followed by tooth extraction compromising the quality of life of 

patients and consisting in a significant public health problem [5,7,8]. 

Stepwise caries removal has been proposed to reduce the risk of pulp exposure when the carious 

tissue excavation is performed in two steps [9-11]. During the first procedure, the carious dentin is partially 

removed and the cavity is provisionally sealed until the second intervention. This approach allows the 

remineralization of the lesion and to induce development of tertiary dentin, thereby reducing the risk of pulpal 

exposure and postoperative complications after the second excavation step [12,13]. After 45 days to 6 months, 

complete excavation is performed followed by definite restoration of cavity. Among the provisional 

restorative procedures, the use of calcium hydroxide liner over the remaining carious dentin tissue is usually 

recommended due its ability to induce dentin remineralization [13, 14]. 

However, studies have demonstrated that simply sealing the cavity properly may be enough to allow 

the reorganization of carious dentin in a short period and the remineralization in longer periods [15.16]. 

Therefore, simpler provisional restorations with reduced number of clinical steps can result in similar 

outcomes to those observed for restorations using calcium hydroxide liners. Further to technique simplicity, 

the restorative material must present adequate biocompatibility to the pulp tissue, considering its insertion in 

deep cavities, sufficient mechanical properties to support occlusal loads, and proper margin seal. Despite 

inducing mild pulp damage when used in deep cavities, resin-modified glass-ionomers (RMGI) present 

acceptable biocompatibility [17,18], adequate mechanical properties for provisional restorations in occlusal 

cavities, antibacterial properties, fluoride release and ability to bond to tooth tissue [19-21].  



2 
 

 
 

Thus, this study aimed to evaluate the clinical effectiveness of using only RMGI as a provisional 

restorative material after the first excavation of stepwise caries removal, in comparison to a standard 

procedure using a calcium hydroxide liner [followed by RGMI restoration]. The hypothesis of this study was 

that restoring the cavity with RMGI only would result in similar clinical outcomes than using calcium 

hydroxide liner. 

2. Material and Methods 

This clinical trial was approved (CAAE # 27090414.0.0000.5546) by the scientific review committee 

and by the committee for the protection of human subjects of the local University. The study protocol was 

registered at clinicaltrials.gov under No. NCT02494193 and followed the CONSORT statements. 

2.1 Study design. 

 This study was a randomized, single-blind, controlled trial with a parallel group and an allocation 

rate of 1:1. After partial caries dentin removal, deep carious cavities in the occlusal surface of posterior teeth 

were randomly allocated to be provisionally restored with RMGI using a calcium hydroxide liner (control) or 

not (experimental).  The study was conducted at the dental clinic of the School of Dentistry at the Federal 

University of Sergipe from June 2014 to September 2015. 

2.2 Inclusion and exclusion criteria  

The participants were recruited by means of advertisements placed on the buildings of the 

University. Patients from both genders, aged between 15 and 30 y.o., presenting permanent premolars or 

molars with deep carious lesions involving the inner third of dentin tissue were included. The following 

exclusion criteria were used: presence of periapical or periodontal lesions, necessity of extensive indirect 

restorations, any diagnostic of pulpal alteration (cold test with refrigerant spray), root exposition or non-

carious cervical lesion and history of hypersensitivity, and pulpal exposure during the caries removal. 

2.3 Sample Size Calculation 

The sample size calculation was based on data of the primary outcome ‘maintenance of pulp 

vitality’. The calculation was performed for binary outcome equivalence trial, considering a power test of 

80%, a significance level of 5%, an equivalence limit between the control and experimental treatments of 
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20%, and the success rate of 90% for both treatments based on a previous study [22].  The sample size 

calculation showed that 78 patients (39 per group) were required, while the sample size was fixed in 102 

patients considering 30% drop-out during the follow-up. 

2.4 Randomization 

 A randomized list was computer-generated by a person not involved in the study and the treatment 

allocated for each carious cavity included in the study was inserted into sealed opaque envelopes numbered 

from 1 to 102. The cavities to be restored were numbered according to the sequence of enrollment. The 

operator responsible by interventions only opened the envelope at the time of the intervention.    

2.5 Baseline Measurements 

Prior to interventions, bitewing radiographs were taken to measure the thickness of remaining dentin 

bellow the caries lesion. Bitewing film holders were used to standardize the position of radiographs taken 

during all study. Self-cured acrylic resin was placed on the film holder and impressions of occlusal surfaces of 

antagonist teeth were taken, thus allowing us to relocate the device in the same position in the measurement 

performed after the intervention. Radiographic films of phosphorus plate were used, while the digitalized 

images were opened in the software ImageJ to measurement of remaining dentin thickness. Five straight lines 

were draw linking the cavity floor to pulpal chamber and the average length of these lines were calculated to 

estimate the remaining dentin thickness (Figure 1).  

Prior to interventions, a single calibrator evaluator assessed the color, consistency and humidity of 

dentin tissue located on the cavity floor. The clinical aspect of the dentin was scored according to the 

following criteria: dentin consistency: 1 = very soft (tissue easily removed by dentin excavator, releasing 

fragments during removal procedure), 2 = soft (the probe is easily inserted into tissue), 3 = leathery (dentine 

spoon removes carious tissue when forced), and 4 = hard (similar to normal dentine; dentine color: 1 = 

yellow, 2 = fawn, 3 = light-brown, 4 = dark brown, and 5 = dark; and dentin humidity: absent or present.  

2.6 Intervention 

After local anesthesia and rubber dam isolation, the lesion was accessed with a diamond bur. The 

carious dentin tissue of lateral walls was removed using a sterile round steel bur compatible to the cavity size 
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at low speed. The softer tissue on the cavity floor was carefully removed with a dentin excavator until a 

slightly moist and reasonably soft dentin remains. In the cavities allocated to control treatment, the remaining 

dentin was covered with calcium hydroxide paste (power of CaOH2 and distillated water) followed by hard-

setting calcium hydroxide cement (Dycal; DY, Dentsply, Milford, DE, USA). The cavities were provisionally 

restored with RMGI Riva Light-cure (SDI, Baywaster, Vitoria, Australia). For the cavities allocated to 

experimental treatment, the RMGI was inserted directly over the remaining dentin. 

2.7 Microbiological analysis 

 Samples of dentin tissue removed were immersed in 5 mL of 0.9 % saline solution and homogenized 

in a mechanical agitator. Dilutions were performed until 10-6, and 50 μl of this dilutions were cultivated in 

petri plate containing Rogosa or mitis salivarius agar to assess growing of Lactobacillus ssp. and 

Streptococcus mutans, respectively.  All samples were incubated in 5% CO2 at 37℃ for 72 h. After 

incubation, the total number of colony-forming units per milliliter (CFU/ml) was counted from a 

representative area of each agar plate yielding 50–300 colonies using a stereoscopic microscope. 

2.8 Evaluation 

The patients were scheduled to return 60 days after the first intervention and those presenting any 

pain symptom indicating pulpal involvement (necrosis or irreversible pulpitis) before the re-evaluation were 

submitted to endodontic intervention and were excluded from the study.  At the second session, a bitewing 

radiography was taken to evaluate any alteration on the distance between the cavity floor and the pulpal 

chamber. Following, the provisional restorations were carefully removed under anesthesia and rubber dam 

isolation. The clinical aspect of the dentin on the cavity floor was assessed and scores attributed to color and 

consistency, while the dentin was classified as dry or moist. The remaining carious dentin was removed with 

an excavator and samples of this tissue was evaluated regarding the presence of Lactobacillus ssp. and 

Streptococcus mutans. After the complete removal of carious dentin, the cavities were restored with 

composite resin.  

2. 9 Statistical analysis 

The absolute risks of each treatment and relative risk for pulp necrosis/ irreversible pulpitis was 

calculated with a confidence interval of 95%. The Fisher’s exact test was used to assess possible statistical 
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difference between the relative risks. In order to assess possible differences between the cavities that 

presented negative or positive primary outcomes; clinical, radiographic and microbiological data on baseline 

were analyzed. Scores of consistency and color were submitted to Mann-Whitney test, while data from dentin 

thickness and CFUs were analyzed by T-test. Proportions between absence and presence of humidity were 

analyzed by Fisher’s Exact test.   

The following analyses were performed to evaluate the effect of ‘treatment’ and ‘time of evaluation’ 

on secondary outcomes. Data from consistency and color were submitted to Wilcoxon’s test, comparing the 

time of evaluation, and Mann-Whitney test to assess differences between the treatments. Difference between 

the proportions of moist/ dried dentins were analyzed by Mcnemar’s test, to assess the effect of the time of 

evaluation, and Fisher’s Exact test to verify the effect of treatment.  

Data from microbiologic analysis were transformed in Log10, while zero count were previously 

converted to 1 to allow the transformation. Following, data for each bacterium evaluated were individually 

submitted to 2-way repeated-measure ANOVA. Data of dentin thickness was also submitted to 2-way 

repeated-measure ANOVA. The significance level was set at α = 0.05 for all analyses. 

3. Results 

 The results presented are relative to 75 cavities included in the study from a calculated sample size of 

102. Twenty-one restored cavities (10 of control and 11 of experimental) did not return for the second 

evaluation, representing a drop-out of 28%. Fifty-four cavities (27 per treatment) were analyzed regarding the 

primary outcome, while 40 (20 per treatment) were analyzed for the other outcomes. The flow chart of study 

is illustrated at Figure 2.  

The mean age (years) of the participants in this study was similar between the treatments (control = 

23.6 ± 4.1 and experimental = 22.8 ± 4.7 years; p = 0.541; T-test). Regarding the gender, 43.2% of patients 

were male without significant difference between the patients allocated for each treatment (37.0 and 51.9 % 

of men for control and experimental allocations, respectively; p = 0.412; Fisher’s Exact test). 

The results regarding risk of pulp necrosis/ irreversible pulpitis is presented in Table 1, while both 

treatments resulted in the same absolute risk (26%). Restored cavities that presented pulp necrosis/ 

irreversible pulpitis differed from those with positive primary outcome only for the dentin thickness, while the 
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former showed shorter distance between the cavity floor and the pulp chamber (Table 2). No significant 

difference regarding the age was observed between the patients presenting negative (23.6 ± 4.1 year) and 

positive outcomes (23.1 ± 4.6 year; T-test, p = 0.706).   

Harder dentin was observed after provisional restoration irrespective the procedure, while no 

difference was observed between the treatments (Table 3). Regarding color of dentin (Table 3), no difference 

was observed between the dentin of cavities allocated for each treatment. The score of color increased when 

the cavities were restored with both treatments but the control resulted in darkest dentin in the second 

evaluation. Irrespective of treatment, the provisional restoration was able to reduce the humidity of dentin 

without difference between the treatment at both evaluation times (Table 3). 

The results for microbiological analysis are displayed in Table 4. Regarding Lactobacillus ssp., 2-

way repeated-measure ANOVA showed that the ‘treatment’ did not affect the presence of bacteria (p = 0.306; 

interaction – p = 0.076), which was affected only by ‘time of evaluation’ (p < 0.001). It was observed a 

reduction on CFUs within the provisional restoration, irrespective the material used. Similarly, the ‘treatment’ 

(p = 0.495; interaction – p = 0.055) also did not affect the CFUs for Streptococcus mutans, whereas lowest 

values of CFU were observed for both groups after the provisional restoration removal (p < 0.001). 

The results of radiographic evaluation are presented in Table 5. Two-way repeated-measure ANOVA 

showed that neither the ‘treatment’ (p = 0.718) nor the ‘time of evaluation’ (p = 0.624) affected the results; 

while the interaction between the factors also was not significant (p = 0.305).  

4. Discussion 

 The caries removal in deep cavities requires careful excavation to avoid any pulp exposure followed 

by endodontic complications, while the stepwise or partial caries removal techniques have been indicated as 

conservative approaches to reduce this occurrence [10, 12]. Contrary to partial caries removal, the cavity is re-

opened in the stepwise excavation when the remaining carious tissue can be removed with reduced risk of 

pulp exposure [10, 12]. Despite the absence of evidence about the necessity of reentry to increase the success 

of restorations [11,23], stepwise excavation was used in the present study to evaluate the effects of 

provisional restorative materials over the remaining dentin. We hypothesized that simplifying the provisional 

restoration by using only a single light-cured material would not affect the outcomes of stepwise excavation. 
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The results of the present trial demonstrated that both procedures evaluated were able to improve clinical 

aspects of remaining dentin and reduce the contamination of the tissue. Regarding the primary outcome, no 

difference on risk to pulp exposure was observed between the protocols leading us to accept the hypothesis of 

study.  

 The occurrence of irreversible pulpitis/ necrosis is strongly affected by any inflammation of pulp 

tissue and reduced thickness of remaining dentin. In fact, the restored cavities with diagnostic of irreversible 

pulpitis or necrosis are found closest to pulp tissue at baseline measurements. Regarding to pulp condition 

prior to intervention, only carious cavities in teeth presenting normal response to cold test were included. 

Cold test presents high positive (100%) and negative (90%) predictive values when used on diagnostic of pulp 

necrosis [24]. However, clinical tests of sensitivity are unable to precisely identify different degrees of pulp 

inflammation and the absence of painful symptoms cannot exclude the presence of any inflammatory 

involvement of the pulp [25]. Thus, imprecisions on measurement of prior pulp condition is a bias inherent to 

clinical trials involving restoration of deep carious lesions and any relation between the prior pulp condition 

and the primary outcome of the present study is speculative. Another factor associated to differences on pulp 

response is the age of patient, with older patients presenting reduced pulpal response and increased 

probability to irreversible pulpitis or necrosis [26]. Only patients aged between 15 and 30-year were included 

in this study seeking to reduce risk of bias related to age and no difference between restorations with negative 

and positive primary outcome was observed. Finally, the clinical and microbiological aspects were similar for 

cavities with different primary outcomes, not demonstrating any correlation between this factors and the risk 

to irreversible pulpitis or pulpal necrosis. 

 The baseline characteristics of cavities allocated to both interventions also were similar indicating 

that outcomes were mainly affected by properties of the materials themselves. In the present study, the reentry 

was performed with a short period (2 months) after the provisional restoration placement. Despite the short 

period, significant modifications on scores for all clinical criteria and on microbiological counting were 

observed. This period of provisional restoration was chosen in order to reduce the dropout rate of study, 

which was slightly lower than those expected, and allowed us to measure significant alterations on the 

outcomes. Regarding the primary outcome, both treatments presented similar risk (26%) to irreversible 

pulpitis or pulpal necrosis. A meta-analysis comparing RMGI and calcium hydroxide placed in deep cavities 
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demonstrated less inflammatory cell response with calcium hydroxide after 60 days, however; no relevant 

clinical significance also was observed [27]. Important observation of this review were the low level of 

evidence provided by included studies, which presented high risk of bias, and the necessity of further well-

conducted clinical trials. The preliminary results of the present clinical trial, following the CONSORT 

statements, also indicated similar clinical outcomes when the deep cavities were dressed with calcium 

hydroxide or using only RMGI. In fact, it has been demonstrated that RMGI causes mild initial pulp 

alterations when used in deep cavities, while the inflammation reduces with time demonstrating acceptable 

biocompatibility of this material [17]. 

 Modifications on color, consistency and humidity of dentin in the floor of cavities were observed 

after the provisional restoration removal irrespective the restorative protocol used. The outer carious dentin 

tissue (infected dentin) presents denatured collagen without potential for remineralization, whereas the 

organization of collagen structure increased toward to inner more mineralized dentin [28]. The outer infected 

dentin was removed during the first excavation procedure; and the provisional restorations were placed over 

more organized dentin. In-vitro, in-vivo and clinical studies have demonstrated indirect evidence that both 

RMGI and calcium hydroxide present ability to remineralize carious dentin [12, 15, 16, 18, 27, 29].  

However; despite the evidence of ion exchange between these materials and dentin at a chemical level, 

evidence about interfibrillar or intrafibrillar remineralization of the carious dentin remains weak [30, 31]. In 

the present study, higher score of color for control treatment after the reentry was observed; which can 

suggest increased remineralization caused by calcium hydroxide due to higher amount of calcium ions 

released by this material. Even in the absence of true remineralization promoted by fluoride and calcium ions, 

the pH of calcium hydroxide and RMGI during the initial setting cause growth factors (TGF-βs) releasing 

from dentin matrix, inducing the odontoblast cells to produce tertiary dentin [32]. Thus, increased dentin 

thickness at the reentry session could be expected, but no difference was observed irrespective of treatment 

used. One possible explanation is that the presence of the significant thickness of radiopaque dentin remaining 

under the carious lesions on baseline (average higher 1.5 mm) impairs any effect of calcium hydroxide and 

glass ionomer on the pulp tissue. 

 Finally, the provisional restorations placement reduced the counting of Lactobacillus ssp. and 

Streptococcus mutans in the dentin.  It has been demonstrated that proper sealing of the cavity alone is able to 
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reduce the microbiological content present in carious dentin due to limited the amount and complexity of 

nutrients available, irrespective the material used [33, 34]. Furthermore, the high pH of calcium hydroxide 

(around 9.5) causes damage to organelles and consequent cellular lyses [35], while the low pH of RMGI 

during the initial setting (about 4.0) affects the production of adenosine triphosphate and causes structural 

damage to the bacteria membrane due to presence of ions H+ [36]. It is important to emphasize that the dentin 

contaminated despite the reduction observed on microbiota after the placement of provisional restorations. 

However, the presence of bacteria under restoration does not indicate the necessity of reentry to completely 

remove carious tissue. There was no evidence relating the presence of remaining bacteria under restoration 

and progression of carious lesions [37].  

 The preliminary results of the present clinical trial demonstrated that the placement of a calcium 

hydroxide liner under the provisional restoration during the stepwise excavation does not improve the 

outcomes when compared to using only RMGI. One limitation of the present clinical trial was the absence of 

follow-up of definitive restoration, whereas delayed pulp response can occur. Furthermore, the sample size of 

study will be completed yet and any difference on outcomes can be addressed with more patients evaluated. 

5. Conclusion 

 Provisional restorations of deep carious lesions using only RMGI resulted in similar clinical, 

radiographic and bacterial outcomes than using a calcium hydroxide liner under the RMGI. 

 

Compliance with Ethical Standards 

Conflict of Interest: Author A declares that he has no conflict of interest.  

Funding: The work was supported by the Department of Restorative Dentistry, Federal University of 

Sergipe, Brazil. 

Ethical approval: All procedures performed in studies involving human participants were in accordance with 

the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki 

declaration and its later amendments or comparable ethical standards. 

Informed consent: Informed consent was obtained from all individual participants included in the study. 



10 
 

 
 

 

References 

1. Richards D (2013) Oral diseases affect some 3.9 billion people. Evid Based Dent 14:35. doi: 

10.1038/sj.ebd.6400925 

2. Schwendicke F, Meyer-Lueckel H, Dörfer C, Paris S (2013) Attitudes and behaviour regarding deep 

dentin caries removal: a survey among German dentists. Caries Res 47:566-573. doi: 

10.1159/000351662 

3. Doméjean S, Léger S, Maltrait M, Espelid I, Tveit AB, Tubert-Jeannin S (2015) Changes in Occlusal 

Caries Lesion Management in France from 2002 to 2012: A Persistent Gap between Evidence and 

Clinical Practice. Caries Res 49:408-416. doi: 10.1159/000381355 

4. Duangthip D, Jiang M, Chu CH, Lo EC (2015) Non-surgical treatment of dentin caries in preschool 

children--systematic review. BMC Oral Health 15:44. doi: 10.1186/s12903-015-0033-7 

5. Weber CM, Alves LS, Maltz M (2011) Treatment decisions for deep carious lesions in the Public 

Health Service in Southern Brazil. J Public Health Dent 71:265-270. doi: 10.1111/j.1752-

7325.2011.00258.x  

6. Bjørndal L, Demant S, Dabelsteen S (2014) Depth and activity of carious lesions as indicators for the 

regenerative potential of dental pulp after intervention. J Endod 40:S76-S81. doi: 

10.1016/j.joen.2014.01.016. 

7. Ramos-Jorge J, Pordeus IA, Ramos-Jorge ML, Marques LS, Paiva SM (2014) Impact of untreated 

dental caries on quality of life of preschool children: different stages and activity. Community Dent 

Oral Epidemiol 42:311-322. doi: 10.1111/cdoe.12086 

8. Mukashyaka C, Uzabakiriho B, Amoroso CL, Mpunga T, Odhiambo J, Mukashema P, Seymour BA, 

Sindayigaya Jde D, Hedt-Gauthier BL (2015). Dental caries management at a rural district hospital 

in northern Rwanda: a neglected disease. Public Health Action 5:158-161. doi: 10.5588/pha.15.0022 

9. Bjørndal L, Reit C, Bruun G, Markvart M, Kjaeldgaard M, Näsman P, Thordrup M, Dige I, Nyvad 

B, Fransson H, Lager A, Ericson D, Petersson K, Olsson J, Santimano EM, Wennström A, Winkel P, 

Gluud C (2010) Treatment of deep caries lesions in adults: randomized clinical trials comparing 



11 
 

 
 

stepwise vs. direct complete excavation, and direct pulp capping vs. partial pulpotomy. Eur J Oral 

Sci 118:290-297. doi: 10.1111/j.1600-0722.2010.00731.x 

10. Bjørndal L (2008) Indirect pulp therapy and stepwise excavation. J Endod 34:S29-S33. doi: 

10.1016/j.joen.2008.02.035 

11. Maltz M, Garcia R, Jardim JJ, de Paula LM, Yamaguti PM, Moura MS, Garcia F, Nascimento C, 

Oliveira A, Mestrinho HD (2012) Randomized trial of partial vs. stepwise caries removal: 3-year 

follow-up. J Dent Res 91:1026-1031. doi: 10.1177/0022034512460403 

12. Bjørndal L (2011) In deep cavities stepwise excavation of caries can preserve the pulp. Evid Based 

Dent 12:68. doi: 10.1038/sj.ebd.6400803 

13. Hayashi M, Fujitani M, Yamaki C, Momoi Y (2011) Ways of enhancing pulp preservation by 

stepwise excavation - a systematic review. J Dent 39:95-107. doi: 10.1016/j.jdent.2010.10.012 

14. Dammaschke T, Stratmann U, Fischer RJ, Sagheri D, Schäfer E (2011) Proliferation of rat molar 

pulp cells after direct pulp capping with dentine adhesive and calcium hydroxide. Clin Oral Investig 

15:577-587. doi: 10.1007/s00784-010-0409-7 

15. Chibinski AC, Reis A, Kreich EM, Tanaka JL, Wambier DS (2013) Evaluation of primary carious 

dentin after cavity sealing in deep lesions: a 10- to 13-month follow-up. Pediatr Dent 35:E107-E12. 

16. Corralo DJ, Maltz M (2013) Clinical and ultrastructural effects of different liners/restorative 

materials on deep carious dentin: a randomized clinical trial. Caries Res 47:243-250. doi: 

10.1159/000345648. 

17. Costa CA, Ribeiro AP, Giro EM, Randall RC, Hebling J (2011) Pulp response after application of 

two resin modified glass ionomer cements (RMGICs) in deep cavities of prepared human teeth. Dent 

Mater 27:e158-e70. doi: 10.1016/j.dental.2011.04.002 

18. Kuhn E, Chibinski AC, Reis A, Wambier DS (2014) The role of glass ionomer cement on the 

remineralization of infected dentin: an in vivo study. Pediatr Dent 36:E118-E24. 

19. Herrera M, Castillo A, Bravo M, Liébana J, Carrión P (2000) Antibacterial activity of resin 

adhesives, glass ionomer and resin-modified glass ionomer cements and a compomer in contact with 

dentin caries samples. Oper Dent 25:265-269. 



12 
 

 
 

20. Mitra SB, Oxman JD, Falsafi A, Ton TT (2011) Fluoride release and recharge behavior of a nano-

filled resin-modified glass ionomer compared with that of other fluoride releasing materials. Am J 

Dent 24:372-378.  

21. Perdigão J, Dutra-Corrêa M, Saraceni SH, Ciaramicoli MT, Kiyan VH (2012) Randomized clinical 

trial of two resin-modified glass ionomer materials: 1-year results. Oper Dent 37:591-601. doi: 

10.2341/11-415-C 

22. Petrou MA, Alhamoui FA, Welk A, Altarabulsi MB, Alkilzy M, H Splieth C (2014) A randomized 

clinical trial on the use of medical Portland cement, MTA and calcium hydroxide in indirect pulp 

treatment. Clin Oral Investig 18:1383-1389. doi: 10.1007/s00784-013-1107-z 

23. Manton D (2013) Partial caries removal may have advantages but limited evidence on restoration 

survival. Evid Based Dent 14:74-75. doi: 10.1038/sj.ebd.6400948 

24. Villa-Chávez CE, Patiño-Marín N, Loyola-Rodríguez JP, Zavala-Alonso NV, Martínez-Castañón 

GA, Medina-Solís CE (2013) Predictive values of thermal and electrical dental pulp tests: a clinical 

study. J Endod 39:965-969. doi: 10.1016/j.joen.2013.04.019 

25. Mejàre IA, Axelsson S, Davidson T, Frisk F, Hakeberg M, Kvist T, Norlund A, Petersson A, 

Portenier I, Sandberg H, Tranaeus S, Bergenholtz G (2012) Diagnosis of the condition of the dental 

pulp: a systematic review. Int Endod J 45:597-613. doi: 10.1111/j.1365-2591.2012.02016.x 

26. Iohara K, Murakami M, Nakata K, Nakashima M (2014) Age-dependent decline in dental pulp 

regeneration after pulpectomy in dogs. Exp Gerontol 52:39-45. doi: 10.1016/j.exger.2014.01.020 

27. Mickenautsch S, Yengopal V, Banerjee A (2010) Pulp response to resin-modified glass ionomer and 

calcium hydroxide cements in deep cavities: A quantitative systematic review. Dent Mater 26:761-

770. doi: 10.1016/j.dental.2010.03.021 

28. Pugach MK, Strother J, Darling CL, Fried D, Gansky SA, Marshall SJ, Marshall GW (2009) Dentin 

caries zones: mineral, structure, and properties. J Dent Res 88:71-76. doi: 

10.1177/0022034508327552 

29. Aykut-Yetkiner A, Simşek D, Eronat C, Ciftçioğlu M (2014) Comparison of the remineralisation 

effect of a glass ionomer cement versus a resin composite on dentin of primary teeth. Eur J Paediatr 

Dent 15:119-121. 



13 
 

 
 

30. Bertassoni LE, Habelitz S, Kinney JH, Marshall SJ, Marshall GW Jr (2009) Biomechanical 

perspective on the remineralization of dentin. Caries Res 43:70-77. doi: 10.1159/000201593 

31. Yang B, Flaim G, Dickens SH (2011) Remineralization of human natural caries and artificial caries-

like lesions with an experimental whisker-reinforced ART composite. Acta Biomater 7:2303-2309. 

doi: 10.1016/j.actbio.2011.01.002 

32. Graham L, Cooper PR, Cassidy N, Nor JE, Sloan AJ, Smith AJ (2006) The effect of calcium 

hydroxide on solubilisation of bio-active dentine matrix components. Biomaterials 27:2865-2873. 

doi:10.1016/j.biomaterials.2005.12.020  

33. Paddick JS, Brailsford SR, Kidd EA, Beighton D (2005) Phenotypic and genotypic selection of 

microbiota surviving under dental restorations. Appl Environ Microbiol 71:2467-2472. doi: 

10.1128/AEM.71.5.2467-2472.2005  

34. Maltz M, Henz SL, de Oliveira EF, Jardim JJ (2012) Conventional caries removal and sealed caries 

in permanent teeth: a microbiological evaluation.  J Dent 40:776-782. doi: 

10.1016/j.jdent.2012.05.011 

35. Forsten L, Söderling E (1984). The alkaline and antibacterial effect of seven Ca(OH)2 liners in vitro. 

Acta Odontol Scand 42:93-98. 

36. Cotter PD, Hill C (2003) Surviving the acid test: responses of gram-positive bacteria to low pH. 

Microbiol Mol Biol Rev 67:429-453. doi: 10.1128/MMBR.67.3.429-453.2003 

37. Schwendicke F, Dörfer CE, Paris S (2013) Incomplete caries removal: a systematic review and meta-

analysis. J Dent Res 92:306-314. doi: 10.1177/0022034513477425 

 

 



14 
 

 
 

Figures captions. 

Fig 1. Measurement of dentin thickness bellow of carious cavity. 

Fig 2. Flow diagram of the clinical trial. 
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