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Abstract 

Background: Indirect pulp capping (IPC) is a minimally 

invasive approach for managing deep carious lesions in 

primary teeth. Although calcium hydroxide has long been 

the gold standard, newer materials such as resin-modified 

glass ionomer cement (RMGIC) and silver diamine 

fluoride (SDF) have shown promising bioactive 

properties.  

Aim: To evaluate and compare the clinical and 

radiographic efficacy of RMGIC, dilute SDF (1:10), and 

light-cure calcium hydroxide as IPC agents in primary 

teeth.  

Materials and Methods: An in vivo study was 

conducted on primary molars with deep carious lesions. 

Teeth were randomly divided into three groups: Group I 

– RMGIC, Group II – dilute SDF (1:10), and Group III – 

light-cure calcium hydroxide. Clinical and radiographic 

evaluations were performed at 1, 3, and 6 months.  

Results: RMGIC and dilute SDF demonstrated higher 

success rates compared to light-cure calcium hydroxide 

in both clinical and radiographic parameters.  
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Dr Ilokali Khala, et al. International Journal of Medical Sciences and Innovative Research (IJMSIR) 

 
© 2026 IJMSIR, All Rights Reserved 

 
                                

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

P
ag

e2
 

 

Conclusion: RMGIC and dilute SDF are effective 

alternatives to calcium hydroxide for IPC in primary 

teeth.  

Keywords: Indirect Pulp Capping, RMGIC, SDF, 

Calcium Hydroxide, Primary Teeth 

Introduction  

The preservation of primary dentition is essential for 

maintaining arch integrity, mastication, speech 

development, and proper eruption of permanent teeth. 

Dental caries remains one of the most prevalent chronic 

diseases in children worldwide and is a leading cause of 

premature loss of primary teeth. ¹  

Indirect pulp capping (IPC) is a conservative vital pulp 

therapy indicated in teeth with deep carious lesions and 

reversible pulpitis. It involves selective caries removal, 

leaving a thin layer of affected dentin to prevent pulp 

exposure, followed by placement of a biocompatible 

material to promote healing and tertiary dentin formation. 

IPC has demonstrated high success rates when proper 

case selection and sealing are achieved.2,3  

Calcium hydroxide has historically been considered the 

gold standard for IPC due to its antibacterial properties 

and ability to stimulate reparative dentin formation. 

However, several limitations have been reported, 

including high solubility, poor adhesion to dentin, tunnel 

defects in dentin bridges, and susceptibility to 

microleakage, which may compromise long-term 

success.4,5  

Resin Modified Glass Ionomer Cement (RMGIC) has 

gained popularity due to its improved physical properties, 

chemical adhesion to tooth structure, fluoride release, and 

superior sealing ability. These properties help reduce 

bacterial penetration and enhance pulp protection.6,7  

Silver Diamine Fluoride (SDF), particularly in diluted 

form, has emerged as a promising material due to its 

potent antimicrobial action and remineralization 

potential. Silver ions disrupt bacterial cell walls, 

enzymes, and DNA, while fluoride promotes the 

formation of fluorapatite, enhancing resistance to further 

demineralization.7  

Despite the growing use of these materials, there is 

limited clinical evidence directly comparing the efficacy 

of RMGIC, dilute SDF (1:10), and light-cure calcium 

hydroxide as IPC agents in primary teeth. Therefore, the 

present study was undertaken to evaluate and compare 

their clinical and radiographic outcomes. 

Materials And Methods  

This in vivo clinical study was conducted in the 

Department of Pediatric and Preventive Dentistry, 

Himachal Institute of Dental Sciences, Paonta Sahib, 

Himachal Pradesh, India. The study protocol was 

approved by the Institutional Ethics Committee (Ref No: 

HIDS/PAO/EC/11 dated 15.02.2024). Written informed 

consent was obtained from the parents/guardians of all 

participating children prior to inclusion in the study. A 

total of 45 primary molars indicated for indirect pulp 

capping were selected from children aged 4–9 years. The 

teeth were randomly allocated into three groups (n = 15 

each). Randomization was carried out using a chit 

system, wherein each participant selected a coded chit 

corresponding to one of the three groups.  

Inclusion Criteria 

 Patient with good general health.  

 Clinically large carious lesion.  

 History of tolerable dull intermittent pain, mild 

discomfort associated with eating, negative history of 

spontaneous pain.  

 Radiolucency approximating pulp.  

 Normal lamina dura and periodontal ligament space.  

 No interradicular radiolucency.  
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Exclusion Criteria 

 History of spontaneous pain or tenderness on 

palpation/ percussion.  

 Clinical examination showing presence of mobility 

of tooth, discoloration of tooth, or abscessed tooth.  

 Radiographic examination showing carious lesion 

with definite pulp exposure, interrupted or broken 

lamina dura, widened periodontal ligament space, 

periapical radiolucency.  

 Patient with behavioural management issues.  

 Systemic diseases.  

Operative Procedure  

Local anesthesia was administered using 2% lignocaine 

with 1:80,000 adrenaline to ensure patient comfort. 

Rubber dam isolation was achieved in all cases to 

maintain a dry operating field and to prevent 

contamination. Caries removal was performed using a 

selective caries removal technique, wherein peripheral 

infected dentin was removed using a sterile round 

diamond bur in a high-speed handpiece until sound 

dentin was reached, while in the deeper pulpal area, 

caries excavation was carried out using a spoon 

excavator to preserve affected dentin and avoid pulp 

exposure. 

Group I: Resin Modified Glass Ionomer Cement 

(RMGIC)  

Following caries removal:  

 The cavity was cleaned and gently dried without 

desiccation.  

 RMGIC (Xtracem LC) was mixed according to 

manufacturer’s instructions.  

 The material was placed directly over the remaining 

dentin as an indirect pulp capping agent.  

 Light curing was performed for the recommended 

duration.  

 The cavity was restored with RMGIC to ensure 

adequate coronal seal.  

Group II: Dilute Silver Diamine Fluoride (SDF) (1:10)  

Following caries removal:  

 The cavity was irrigated with sterile saline and gently 

dried.  

 Dilution of SDF was prepared by mixing one drop of 

SDF with nine drops of distilled water (1:10 

dilution).  

 The diluted SDF was applied to the cavity floor using 

a microbrush applicator and actively rubbed for 2 

minutes.  

 The cavity was rinsed thoroughly and dried.  

 Final restoration was performed using RMGIC.  

Group III: Light-Cure Calcium Hydroxide  

Following caries removal:  

 Light-cured calcium hydroxide (Prevest) was applied 

directly over the remaining dentin using the 

dispensing tip.  

 A uniform thickness of approximately 1 mm was 

maintained.  

 The material was light cured according to 

manufacturer’s instructions.  

 The cavity was subsequently restored with RMGIC.  

Evaluation Criteria  

Clinical Parameters:  

 Pain  

 Sensitivity to percussion  

 Swelling/fistula  

Radiographic Parameters:  

 Periapical radiolucency  

 Internal root resorption  

 External root resorption  

 Furcation radiolucency  

 Periodontal ligament widening  
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Statistical Analysis  

Data were analyzed using Jamovi statistical software 

(version 2.6). Descriptive statistics were used to calculate 

frequency and percentage. Intergroup comparisons were 

performed using Fisher’s exact test due to small sample 

size. A p-value < 0.05 was considered statistically 

significant. 

Results  

All three groups showed favorable outcomes over the 

follow-up period. At the 1-month follow-up, the SDF 

group showed a 100% success rate, while the RMGIC 

and LCCH groups demonstrated success rates of 93.3% 

each, with one clinical failure (6.7%) observed in both 

groups. Fisher’s exact test revealed no statistically 

significant difference in clinical outcomes among the 

groups at this interval (p = 1.000).  

At the 3-month follow-up, all three groups exhibited a 

100% clinical success rate, with no failures recorded. At 

the 6-month follow-up, the RMGIC, SDF, and LCCH 

groups demonstrated success rates of 92.9%, 86.7%, and 

85.7%, respectively, with corresponding failure rates of 

7.1%, 13.3%, and 14.3%. 

Clinical parameters such as pain, sensitivity, and swelling 

were minimal in RMGIC and SDF groups. Radiographic 

findings indicated better healing and fewer pathological 

changes in these groups.  

Overall, RMGIC and dilute SDF exhibited superior 

performance compared to light-cure calcium hydroxide. 

Discussion  

Indirect pulp therapy aims to preserve pulp vitality by 

eliminating active caries while maintaining a protective 

dentin barrier. The success of IPC depends on multiple 

factors, including accurate diagnosis, adequate sealing, 

antimicrobial properties of the material, and its 

biocompatibility.8,9,10  

In the present study, all three materials demonstrated 

favorable outcomes; however, RMGIC and dilute SDF 

showed superior clinical and radiographic success 

compared to light-cure calcium hydroxide. Similar 

findings have been reported in previous clinical and 

systematic studies evaluating IPC materials.9,10,11  

The comparatively lower success observed with calcium 

hydroxide may be attributed to its inherent limitations. Its 

high solubility and lack of adhesion can result in 

marginal gaps, leading to microleakage and bacterial 

infiltration. Additionally, the formation of porous dentin 

bridges (tunnel defects) may further compromise pulpal 

healing.12,13 These findings are in agreement with studies 

by Mickenautsch et al. and Casagrande et al., who 

reported increased failure rates associated with calcium 

hydroxide over long-term follow-up.10 Further systematic 

reviews have also indicated a higher probability of failure 

with calcium hydroxide compared to other bioactive 

materials.12  

RMGIC demonstrated superior outcomes in the present 

study, likely due to its ability to chemically bond to 

dentin and provide an effective seal against bacterial 

ingress. Its sustained fluoride release contributes to 

remineralization and inhibition of residual bacteria.13,14 

Kotsanos et al. reported a success rate of 96.5% with 

RMGIC in primary molars, highlighting its effectiveness 

as both a restorative and pulp capping material.14 

Similarly, studies by Metalita et al. and Korwar et al. 

have emphasized the biocompatibility and remineralizing 

potential of glass ionomer-based materials.7,15  

Dilute SDF (1:10) also showed favorable results in the 

present study. The antimicrobial action of silver ions, 

combined with the remineralizing effect of fluoride, 

creates a synergistic effect that arrests caries progression 

and promotes dentin hardening.6,16 Sinha et al. 

demonstrated a significant increase in fluoride ion 
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concentration and remineralization potential with SDF.6 

Shafi et al. reported that dilute SDF showed comparable 

or better outcomes than calcium hydroxide in IPC 

procedures.17 Similarly, Patil et al. concluded that SDF is 

an effective alternative due to its strong antibacterial 

properties and ability to arrest caries progression.18 In 

this study SDF was diluted with distilled water (one drop 

of SDF mixed with 9 drops of distilled water giving a 

1:10 dilution) to minimize black discoloration of treated 

tooth surfaces while preserving caries- arresting 

antimicrobial and remineralizing effects from silver and 

fluoride ions. Despite this, black discoloration was 

observed in all patients in the SDF group in this study.  

Studies by Gupta et al. have highlighted the superior 

antimicrobial efficacy of SDF compared to other 

materials.19 

The improved performance of RMGIC and SDF 

observed in this study highlights the importance of 

achieving an effective seal and controlling bacterial 

activity within the cavity. Materials that provide both 

antimicrobial action and long-term sealing ability are 

more likely to maintain pulp vitality and prevent disease 

progression.2,10,20 

Clinically, these findings suggest that RMGIC and dilute 

SDF can be considered reliable alternatives to calcium 

hydroxide for indirect pulp capping in primary teeth. 

These materials not only enhance treatment outcomes but 

also provide additional benefits such as fluoride release 

and caries arrest, making them particularly suitable for 

pediatric patients.6,21  

However, certain limitations must be acknowledged. The 

study had a relatively short follow-up period of six 

months, which may not fully reflect long-term outcomes. 

Previous long-term studies have shown that success rates 

may vary over time.10 Additionally, the sample size was 

limited, and larger randomized controlled trials with 

extended follow-up periods are required to validate these 

findings. 

Table 1: Comparison of clinical outcome at various time 

intervals  

 

Table 2: Comparison of radiographic success at various 

time intervals  
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Case 1: 

Resin Modified Glass Ionomer Cement (Group -1) 

 

a) Pre- Operative Radiograph 

 

b) Pre- Operative Photograph 

 

c) Post-Operative Radiograph 

 

d) Follow Up At 3 Months 

 

e) Follow Up At 3 Months 

 

f) Follow Up At 6 Months 

Figure 1: Resin Modified Glass Ionomer Cement group. 

(a) Pre -operative radiograph, (b) Pre operative 

photograph, (c). Postoperative radiograph, (d,e,f) follow 

up after 1,3 6 months 
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Case 2: 

Silver Diamine Fluoride (Group 2) 

 

a) Pre operative radiograph 

 

b) Pre operative photograph 

 

c) Post operative radiograph 

 

d) follow up at 1 month 

 

e) follow up at 3 months 

 

f) follow up at 6 months 

Figure 2: Silver Diamine Fluoride group.( a) Pre -

operative radiograph, (b). Pre operative photograph, (c) 

Postoperative radiograph, (d, e, f) follow up after 1,3,6 

months 

Case 3: Light Cure Calcium Hydroxide. 

 

a) Cavity Preparation 
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b) Pre- Operative Radiograph 

 

c) Post Operative Radiograph 

 

d) Follow Up At 1 Month 

 

e) Follow Up At 3 Months 

 

f) Follow Up At 6 Months 

Figure 3: Light cure Calcium hydroxide group (a) cavity 

preparation, (b) Pre operative radiograph, (c). 

Postoperative radiograph, (d, e, f) follow up after 1,3, 6 

months 

Conclusion  

 RMGIC and dilute SDF demonstrated superior 

clinical and radiographic success  

 Light-cure calcium hydroxide showed comparatively 

higher failure rates  

 RMGIC and dilute SDF can be recommended as 

effective IPC agents in primary teeth  

Clinical Significance  

The use of RMGIC and dilute SDF in IPC procedures 

can enhance treatment outcomes by improving sealing 

ability, reducing bacterial load, and promoting 

remineralization, thereby preserving pulp vitality.  

Recommendations  

 Long-term studies with larger sample sizes  

 Evaluation of newer bioactive materials  
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