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ABSTRACT 
 

Silva GS. Pulp vitality in deep carious lesions after Atraumatic Restorative Treatment 
(ART) restorations in primary molars: 24 months results of a randomized clinical trial 
[thesis]. São Paulo:  Universidade de São Paulo, Faculdade de Odontologia; 2021. 
Versão Original. 

 

The aim of this thesis was to evaluate the pulp vitality of primary teeth with deep caries 

treated with two restorative techniques. The restoration survival rate was also 

evaluated as a secondary outcome. This volume presents a compilation of a study 

protocol and a noninferiority randomized clinical trial with two parallels arms 

(Clinicaltrials.gov registration NCT02903979) guided by the SPIRIT and CONSORT 

guidelines respectively.  Children aged from 4 to 8 years with at least one deep carious 

lesion in molars occlusal or occluso-proximal were selected at the Ibirapuera University 

dental clinic. One hundred and eight deciduous molars were allocated into two groups: 

(1) restoration with calcium hydroxide cement lining followed by filling with high-

viscosity glass ionomer cement (CHC+HVGIC) or (2) restoration with HVGIC. Pulp 

vitality and restoration survival were evaluated at 6, 12, and 24 months. Intention-to-

treat analysis was used for pulp vitality, and survival analysis was performed with the 

Kaplan-Meier method (α=5%). At 24 months, 86 restorations were evaluated, and 91 

were evaluated at least once during the study. The final drop-out was 20%, and the 

number of participants at the beginning and at the end of the study was similar between 

the groups (p=0.872). There was no significant difference between the restorative 

treatments regarding pulp vitality (CHC +HVGIC=70% and HVGIC=68.5%) 

(OR=1.091; CI95%=0.481-2.475). However, HVGIC (73%) restorations showed a 

higher survival rate than CHC+HVGIC (50%) (p=0.021). In Cox regression analysis 

only the treatment variable presented a p<0.20. In this sense, the adjusted analysis 

was not performed. Teeth treated with HVGIC had 65% less chance of failure than 

those treated with CHC+HVGIC. Thus, it can be suggested that the application of HCC 

is not necessary in deep lesions of primary molars, since the longevity of the restoration 

is shorter and the pulp vitality does not change with its use. 

 

Keywords: Calcium Hydroxide. Dental Pulp Capping. Tooth, Deciduous. Glass 

Ionomer Cements. Dental Caries. 

 





 
 

RESUMO 
 

 

Silva GS. Vitalidade pulpar em lesões de cárie profundas após restaurações pelo 
Tratamento Restaurador Atraumático (ART) em molares decíduos: resultado após 24 
meses de um ensaio clínico randomizado [tese]. São Paulo:  Universidade de São 
Paulo, Faculdade de Odontologia; 2021. Versão Original. 

 
 

O objetivo desta tese foi avaliar a vitalidade pulpar de dentes decíduos com lesão de 

cárie profunda tratados com duas técnicas restauradoras. A taxa de sobrevivência da 

restauração foi avaliada como um desfecho secundário. Este volume apresenta um 

compilado do protocolo de pesquisa e os resultados de ensaio clínico randomizado 

(Clinicaltrials.gov registration NCT02903979) de não inferioridade com dois braços 

paralelos relatados pelas recomendações SPIRIT e CONSORT, respectivamente.  

Crianças de 4 a 8 anos com pelo menos uma lesão cariosa profunda oclusal ou ocluso-

proximal em molares decíduos foram selecionadas na clínica odontológica da 

Universidade Ibirapuera. Cento e oito molares decíduos foram alocados em dois 

grupos: (1) restauração com cimento de hidróxido de cálcio seguido do cimento de 

ionômero de vidro de alta viscosidade (CHC + HVGIC) ou (2) restauração com HVGIC. 

A vitalidade pulpar e a sobrevivência da restauração foram avaliadas em 6, 12 e 24 

meses. A análise por intenção de tratar foi usada para a vitalidade pulpar e a análise 

de sobrevida foi realizada com o método de Kaplan-Meier (α = 5%). Aos 24 meses, 

86 restaurações foram avaliadas e 91 foram avaliadas pelo menos uma vez durante 

o estudo. A perda foi de 20%, e o número de participantes no início e no final do estudo 

foi semelhante entre os grupos (p = 0,872). Não houve diferença significativa entre os 

tratamentos restauradores em relação à vitalidade pulpar (CHC + HVGIC = 70% e 

HVGIC = 68,5%) (OR = 1,09; IC95% = 0,48-2,48). No entanto, as restaurações HVGIC 

(73%) apresentaram uma taxa de sobrevivência maior do que CHC + HVGIC (50%) 

(p = 0,021). Na análise de regressão de Cox apenas a variável tratamento apresentou 

p <0,20. Nesse sentido, a análise ajustada não foi realizada. Os dentes tratados com 

HVGIC tiveram 65% menos chance de falha do que aqueles tratados com CHC + 

HVGIC. Assim, pode-se sugerir que a aplicação de CHC é dispensável em lesões 

profundas de molares decíduos, visto que a longevidade da restauração é menor e a 

vitalidade pulpar não se altera com sua utilização.  



 
 

 

 

Palavras-chave: Hidróxido de Cálcio. Capeamento pulpar. Dentes decíduos. 

Cimento de Ionômero de Vidro. Cárie dental. 
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PREFACE 

 

The present thesis is composed by two chapters written in order of expected 

publication. The first chapter is a protocol study published on January 2019 in the BMC 

Oral Health journal (doi: 10.1186/s12903-018-0703-3). 

 

(I) Impact of different restorative treatments for deep caries lesion in 

primary teeth (CEPECO 1) – Study protocol for a noninferiority 

randomized clinical trial 

The second chapter is the report of the main outcome of the randomized clinical trial 

realized at Universidade Ibirapuera, São Paulo, Brazil. It was submitted to the Brazilian 

Oral Research journal. 

 

(II) Pulp vitality of primary molars with deep caries treated with ART 

restorations: 2-year RCT 

 

 

 

Protocol: da Silva GSQ, Raggio DP, Machado GFR, Mello-Moura ACV, Gimenez T, 

Floriano I, Tedesco TK. Impact of different restorative treatments for deep caries lesion 

in primary teeth (CEPECO 1) - study protocol for a noninferiority randomized clinical 

trial. BMC Oral Health. 2019 Jan 8;19(1):6. 
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1  INTRODUCTION  
 

 

Uncounted factors have contributed to the decline in dental caries rates (1,2) 

globally. However, studies show that this is a disease that still deserves attention, given 

its involvement in all age groups and, especially, its negative impact on the quality of 

life of children and considerable economic burden (3,4,5). 

With a better biological understanding of the disease, as well as the importance 

of etiological and modifying factors, concepts were created for the treatment of these 

lesions, especially those already cavitated, in order to use less invasive restorative 

techniques that would help in the prevention of new lesions ( 6). 

These changes in the therapeutic approach to lesions allow for more 

conservative cavity preparations, with remarkable preservation of enamel and dentin, 

since it is only possible to remove the tissues irreversibly affected by the caries lesion 

(7,8). Systematic reviews indicate that this technique is effective and results in the 

longevity of restorative procedures similar to when the carious tissue is completely 

removed, decreasing the number of pulp exposures and postoperative sensitivity 

(9,10). 

This philosophy has already been used in established restorative techniques, 

such as the Atraumatic Restorative Treatment (ART), which advocates the partial 

removal of carious tissue and subsequent restoration of the cavity with high viscosity 

glass ionomer cement (HVGIC) without using rotating instruments, anesthesia and 

absolute isolation (11), resulting in less anxiety and discomfort for the child during 

dental care (12). In addition, ART has shown satisfactory results, similar to the 

conventional restorative technique regarding the longevity of occlusal (13) and 

occlusal-proximal (14,15) restorations of primary teeth. However, its indication is 

restricted to shallow and medium-depth lesions (11). 

The treatment of deep carious lesions close to the pulp that can be considered 

healthy, on the other hand, results in a challenge for the dental surgeon (16). A recent 

systematic review indicates the Hall Technique as the best treatment option for these 

injuries (17). However, there is a limitation that the crown used in the technique is not 

readily available in all work environments.  



34 
 

Considering minimal intervention (MI) dentistry requirements, indirect pulp 

capping has also been described as an effective option for treating deep lesions (16). 

Based on the technique of selective removal of carious dentin, indirect pulp capping is 

performed in a single session. It aims to use a biocompatible material to protect the 

dentin-pulp complex, such as calcium hydroxide cement (16), which would treat as 

supposed benefits the reduction in the number of remaining bacteria and a possible 

dentin response leading to the formation of repairing dentin (18).  

The use of HVGIC, which has already shown longevity similar to other 

restorative materials in shallow and medium-depth lesions (13-15), could eliminate the 

sensitivity for the composite resin restorative technique, in addition to reducing the time 

required for the restorative treatment, as well as resulting in possible less discomfort 

to patients due to the non-need to use anesthesia, as well as absolute isolation (11). 

However, to date, there are no well-designed clinical studies that assess the pulp 

vitality of the treatment of deep carious lesions of primary molars with HVGIC.  
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2  PROPOSITION 
 

The aim of the present study was to compare the pulp vitality of two restorative 

options for the treatment of deep caries in primary molars (restoration with HVGIC and 

restoration with calcium hydroxide cement associated with HVGIC) in a two-arm non-

inferiority randomized clinical trial. The restoration survival was also evaluated as a 

secondary outcome. 
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3 CHAPTER 1  
 

Impact of different restorative treatments for deep caries lesion in primary teeth 

(CEPECO 1) – Study protocol for a noninferiority randomized clinical trial 

 
3.1 BACKGROUND 
 

 In Pediatric Dentistry, a number of factors have contributed to the marked 

decline in dental caries rates (1,2). However, this is a disease that still deserves 

attention, given its involvement in all age groups and, mainly, its negative impact on 

children's quality of life (3,4). 

 With the better biological understanding of the disease, as well as the 

importance of the etiological and modifiers factors, new concepts were developed for 

treating of these lesions, especially those already cavitated, in order to use less 

invasive restorative techniques and preventive approaches (5).  These changes in the 

paradigms allow, therefore, the accomplishment of more conservative cavity 

preparations, with significant preservation of enamel and dentin, since it is possible 

only the removal of the irreversibly affected tissues by the caries lesion (6,7).  

 The treatment of deep caries lesions closes to the pulp considered healthy, 

on the other hand, results in a challenge for the dentists (8), especially for a gap in 

well-designed studies that determine the best treatment for these lesions (9). 

 Considering the requirements of Minimal Intervention dentistry, indirect pulp 

capping has been described as an effective option for the treatment of these lesions 

(8). Based on the technique of selective dentin caries removal, indirect pulp capping is 

performed in a single dental session and aims to use a biocompatible material to 

protect the dentin-pulp complex, such as calcium hydroxide cement (8), which would 

have as benefits the reduction of the number of remaining bacteria as well as a 

possible dentinal response leading to the formation of a reparative dentin (10). Recent 

studies still have suggested the use of inert materials for this protection because they 

would also have the capacity to arrest the caries process (11) or, even, the direct 

restoration of the cavity with adhesive systems associated with resin composite (12) 

or resin-modified glass ionomer cement (13).  

 Nevertheless, the high viscosity glass ionomer cement (HVGIC), which has 

been the material of choice for medium and low deep cavities in Atraumatic Restorative 
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Treatment (ART), has not been considered in the studies that focusing in treatment of 

deep caries lesion (14). Using this material in pediatric dentistry seems to be an 

alternative to decrease the time required for the clinical care, due to the facility to 

perform the restorations with HVGIC. Considering the philosophy of ART, it will be 

possible to restore the deep caries lesion with pulp vitality without the use of rubber 

dam and anesthesia. However, to date, there are no well-designed clinical trials 

evaluating cost-efficacy as well as other important patient-centered outcomes of the 

treatment of deep caries lesions with HVGIC. 

 Thus, this study aims as primary outcome to compare the pulp vitality of two 

types of treatment for deep caries lesions in primary molars (HVGIC restoration and 

restoration with calcium hydroxide cement associated with HVGIC) by a noninferiority 

randomized clinical trial with two parallel arms. The secondary outcomes will compare 

the survival of restorations, caries progression, cost-efficacy and discomfort between 

the two treatment options. Our hypothesis is that the dental pulp vitality of teeth 

restored with HVGIC do not differ from teeth restored with a pulp capping material. 

 

3.2 METHODS/DESIGN 
 

Trial Design and Ethical Considerations 

 A noninferiority randomized, controlled, double blind (participant and 

examiner) clinical trial with two parallels arms (1:1) will be performed. The present 

protocol follows the guidelines of the Standard Protocol Items: Recommendations for 

Interventional Trials (SPIRIT) as detailed in online supplementary annex A. 

 It was approved by the local ethics committee from the Faculty of Dentistry of 

the University Ibirapuera (registration no. 1.670.059)(Annex C) and was recorded in 

the database for registration of clinical studies (Clinicaltrials.gov registration 

NCT02903979).  

 

Sample size calculation and selection 

 Participants will be selected with ages ranging from 4 to 8 years searching for 

dental treatment, coming from the Clinic of Pediatric Dentistry of the Ibirapuera 

University, Sao Paulo, Brazil. The screening will be carried out under natural light with 

the aid of a wooden spatula. Children with potential for inclusion in the research will be 
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referred for clinical examination. Children with at least one primary molar with deep 

cavitated caries lesion on the occlusal or occlusoproximal surfaces will be included.  

 Special needs patients using orthodontic appliance and/or systemic diseases 

that may influence the oral cavity, will be excluded. In addition, teeth with pulp 

exposure, spontaneous pain, mobility, abscess or fistula near the tooth, teeth with 

restorations, sealants or defects of enamel formation will be excluded. 

Initial periapical radiography will also be performed to confirm the depth of the lesions 

as well as to exclude a possible pulpal involvement – presence of  radiographically 

visible furca/periapical lesion - linked to clinical evaluation by PUFA index (15) - 

presence of ulceration, fistula and abscess, reported pain and pathological mobility. It 

will be considered as deep caries lesion those that will be located in the inner third of 

dentin. 

 To perform the sample size calculation, the expected success rates of pulp 

vitality using a calcium hydroxide cement as pulp capping material was considered 

94% in 12-29 months (16). It was considered that a clinically significant difference was 

15% in the success rate between the groups. Therefore, considering a significance 

level of 0.05 and a power of 0.80, using a two-tailed test for noninferiority studies, with 

a 20% increase due to a possible sample loss and 40% by cluster of more than one 

tooth per children, we reached the final rounded number of 54 teeth per group, 

resulting in 108 teeth in total (17).   

 Recruitment are taking place from November 2016 to April 2018. After 

allocation and treatment in one of the groups, with mean of 1 month per participant, 

these will be followed up for 24 months. Figure 3.1 displays the flow diagram of clinical 

'trial's phases.  
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Figure 3.1 - Flow diagram of clinical 'trial's phases 

 

 
Source: The author. 

 

Operator ''s training  

 Prior to sample selection, operators will be trained to perform both techniques 

(restoration with HVGIC and restoration with hydroxide calcium cement associated 

with HVGIC). The training will be performed with theoretical classes and laboratory 

activities during 3 hours each. 

 The operators will be specialists in Pediatric dentistry. It will not be possible 

the blinding of operators because of the evident differences between the techniques. 

 

Random Allocation 
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 The included teeth will be allocated in two parallels arms: Experimental group 

– HVGIC restoration, e Control group - restoration with calcium hydroxide cement 

associated with high viscosity glass ionomer cement (HVGIC). Teeth will be randomly 

assigned into one of groups considering the strata type of cavity – occlusal or 

occlusoproximal surfaces, according with the sequence obtained by an external 

researcher with a statistical software (MedCalc version 15.8, Ostend, Belgium). The 

randomization procedure will be performed per blocks of four. Table 3.1 displays the 

sample distribution in according experimental groups considering the strata. 

 
Table 3.1 – Sample distribution in according experimental groups considering the strata 

 
              Groups 

 

Type of cavity 

Experimental group Control groups Total 

Occlusal 27 27 54 

Occlusoproximal 27 27 54 
 
Source: The author. 

 

Allocation concealment mechanism 

 The generated sequence will be distributed in numbered sequentially opaque 

sealed envelopes, which should be opened by the dental assistant immediately before 

of the restorative procedure, after selective caries removal. 

  

Treatment procedures 

HVGIC restoration  

 In experimental group, after prophylaxis and relative isolation, dentin partial 

caries removal will be conducted, removing infected dentin from the pulp wall and with 

total removal of the surrounding walls, using curettes compatible with cavity size. 

Afterwards, the preconditioning of the surface with polyacrylic acid for 10 s will be 

performed, followed by washing and drying of the cavity. HIVGIC (Fuji IX; GC 

Corporation, Tokyo, JP) will be mixed according to manufacturer's instructions, 

inserted into the cavity with the aid of an insertion spatula and adapted by the finger 

press technique. In occlusoproximal cavities, metal matrix will be used to ensure the 

contact area between the restored and adjacent teeth. The occlusion will be then 
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checked with carbon paper and, if necessary, occlusal adjustment will be performed. 

Superficial protection of the restoration with petroleum jelly will be conducted. 

 

Restoration with hydroxide calcium cement associated with HVGIC 

 In control group, after prophylaxis and relative isolation, dentin partial caries 

removal will be conducted in according with experimental group, and then a pulp 

capping material (Hydro C; Sirona, Pennsylvania, USA) will be applied as liner on pulp 

wall. After, the restoration with HVGIC will be performed as previously mentioned for 

experimental group. 

 The other teeth identified with caries lesions that will be not included in the 

study will be treated according to the diagnosis by participants of CEPECO 

collaborative group (Figure 3.2).  

  
Figure 3.2 - Organization chart of decision-making process of teeth not included in the trial 

 

 
Source: The author. 

 

 Furthermore, all participants and their respective legal guardians will receive 

hygiene and diet instructions. The risks for the participants of this study are minimal 

and related to the conventional treatment for deep caries lesion. There is no data 

monitoring committee. 

 

Data collection and Outcomes  
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 Confidentiality of participants will be ensured by an identifier number. Data will 

be stored in a password-protected electronic database by one of investigators, which 

only will be available to the researchers. Another investigator will go then double-

checking of entered data.  

 The primary outcome will be the success rates of pulp vitality for both groups 

after follow-up for 2 years. Secondary outcomes will include survival of restorations, 

caries progression, self-reported discomfort and cost-efficacy of both types of 

restorative treatment.  

 Two blinded examiners will be trained to outcomes assessment. The training 

will be performed in two phases:  

 1. Theories classes with images during 3 hours.  

 2. Clinical phase with children with similar conditions to be considered in trial, 

but not included, during 20 hours.  

  

Primary Outcome 

Pulp Vitality 

 Pulp vitality will be evaluated after 6, 12, 18 and 24 months through clinical 

examination using PUFA index (15) linked to radiographic analysis. It will be 

considered success when minor failures will be observed (failures which could be 

resolved by replacing or repair of failed restoration). Failure of treatment will be 

pondered in the presence of major failures as visible pulp involvement, ulceration, 

fistula and abscess. Reported pain and pathological mobility will also be contemplated. 

Moreover, we will be considered major failure when the teeth will present 

radiographically visible furca/periapical lesion.  

 

Secondary Outcome 

Survival of restorations 

 Survival of restorations will be evaluated after 6, 12, 18 and 24 months through 

of new clinical examination using the criteria by Phantumvanit et al. (18) to occlusal 

cavities and that proposed by Roeleveld et al. (19) for occlusal-proximal restorations. 

In occlusal restorations those that receive 0, 1 or 7 score will be considered as success, 

whilst for occlusoproximal cavities it will be considered as success only those that show 

00 or 10 scores. In failures cases, it will be registered the number of surfaces involved 

in the caries progression and the repair of restoration will be performed. 
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Caries progression 

 For the evaluation of the caries progression, the bitewing radiographic 

examination will be used. Radiographic shots will follow the protocol: it will be used a 

children's E-speed film (E-speed, 22x35mm, Eastmam Kodak, Rochester, USA), with 

0.4 s of exposure, apparatus with Spectro 70X. All radiographs will be made with 

positioners (Jon Han-Shin PF 682, Jon Ind., Sao Paulo, BRA), apron and lead collar. 

The films will be processed in boxes of manual processing by the time / temperature 

method (temperature around 27° C, developer solution for 2 minutes, fixer solution for 

10 min, washing in water for 20 minutes). Three radiographs per patient will be 

performed (1. At the initial exam, 2. After the restorative procedure, 3. Follow-up after 

24 months). Initially, two examiners previously trained and calibrated by a reference 

examiner will evaluate the radiographs independently. The follow ups radiograph will 

then be compared with post-op radiograph in order to assess a possible caries lesion 

progression: 

 A) No progression: when there is no increase in the radiolucent area of the 

lesion. 

 B) Present progression: when there is an increase in the radiolucent area of 

the lesion. 

 

Self-reported discomfort 

 The child will also be questioned about the discomfort in relation to the 

treatment performed. For this purpose, the Wong-Baker face scale (20) will be used 

(Figure 3.3). This will be showed by the dental assistant, without the presence of the 

operator, immediately after treatment, and the child will point to the image which 

represents your level of discomfort after the following question: what did you feel during 

the treatment? 

 

 

 

 
Figure 3.3 - Wong-Baker Faces Scale to measure children' 's self-reported level of discomfort during the 

interventions 



45 
 

 
Source: Wong-Baker Faces Foundation (20). 

 

Cost-efficacy 

 The number of expected and unexpected visits for each patient (indirect 

costs), the procedure performed at each session and their duration will be considered 

in the analysis. To calculate the direct costs, it will be computed the costs of all material 

used. These values will be based on the market value obtained by an average cost by 

three different stores of dental materials and this data will be updated during the study 

(21).  

 

Data analysis 

 The efficacy of each treatment will be assessed by five main outcomes: 

 (1) Success rate of pulp vitality (Primary outcome)  

 (2) Survival of restorations (secondary outcome): Kaplan-Meier survival and 

the Long-rank test will be used to compare the success rates between the experimental 

and control groups. Cox regression model with a shared frailty will be performed in 

order to allow the evaluation of the influence of the variables in the results.  

 (3) Progression of deep caries lesions (secondary outcome):  Qui-square test 

will be used to compare this outcome between the groups. 

 (4) Cost-efficacy (secondary outcome): Incremental cost-efficacy ratio will be 

calculated considering the ratio between the total cost of each treatment and the 

success rate after 2 years. 

 (5) Self-reported discomfort (secondary outcome): Poisson regression will be 

used to compare both groups and to asses of the influence of other variables on this 

outcome.  

 For all analyzes, the significance value will be adjusted to 5%. 
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3.3 DISCUSSION 
 
 Studies focusing in smart and comfortable techniques to 'children's treatment 

should be conducted in order to guide the dentists to use of friendly-patient 

approaches.  Thus, this is the first clinical trial that will evaluate as primary outcome 

the success rate considering the pulp vitality between restoration with calcium 

hydroxide cement associated with HVGIC and HVGIC restoration for treatment of deep 

caries lesions in primary molars in according the philosophy of ART. 

 The evaluation of this outcome will take into account clinical signs associated 

with symptoms, since that the most of the previous studies considering the survival of 

restoration as the primary outcome and not pondering the pulp condition. However, the 

main reason to use the pulp capping material is to protect the pulp tissue. Thus, it 

should be considered in the evaluation.  

 Others secondary outcomes will be considered. The choice of outcome 

measures was based on the efficacy of the treatment, but also in patient-centered 

outcomes, thinking in about the practice-based evidence where the preference of 

patient should be englobed in the treatment choice. Analysis of cost will be also 

performed in order to project the incremental cost of the treatments with higher failure 

rate for the public health manager. 

 This is important to highlighted that it will not be possible the blinding of the 

operators because of the evident differences between the both techniques. 

Nevertheless, to minimize this situation, the allocation of the treatments will be only 

performer after the selective caries removal. Furthermore, the patient and examiner 

can be considered as blinded.  

 Thus, our study desires to answer if it is possible to restore deep caries lesion 

of primary teeth only with HVGIC considering the ART philosophy. Since that this 

hypothesis was sustained, the pediatric dentistry can be used a friendlier technique to 

deep caries lesion management. 
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4 CHAPTER 2  
 

Pulp vitality of primary molars with deep caries treated with ART restorations: 2-
year RCT 
 
4.1 INTRODUCTION  

 The Global Burden of Disease study indicates dental caries as one of the ten 

most prevalent health problems affecting children (1). Dental caries, especially dentin 

cavitated lesions have a negative impact on oral-health quality of life of affected 

children (2). Thus, the management of these lesions is still a priority for dental care 

providers. 

           Systematic reviews have pointed out options for treating cavitated caries, 

showing that techniques based on minimal intervention dentistry present good results 

in primary teeth (3-8). There is a consensus in the evidence-based literature that 

cavitated caries in dentin should be managed with selective caries tissue removal (9). 

More invasive treatment options should be avoided in deep caries to prevent accidental 

pulp exposure (8,9). 

           Leaving a layer of soft dentine over the pulp seems to allow tissue 

remineralization and the formation of tertiary dentin to protect the dentin-pulp complex 

(10). However, dentists advocate using a biocompatible material as a liner for treating  

deep caries, aiming to induce the formation of reactionary dentin. Different materials 

have shown efficacy in arresting the caries process, including inert materials (11) and 

restorative materials placed in the cavity without a liner (12,13). 

 The use of high-viscosity glass ionomer cement (HVGIC) to restore deep caries 

based on the atraumatic restorative treatment (ART) philosophy (without the use of 

rotary instruments, rubber dam, and anesthesia) has been scarcely evaluated in 

clinical trials. Confirming this technique as an efficient treatment would provide a more 

accessible option for deep caries management by pediatric dentists. 

 Furthermore, a systematic review on this topic has stated that using calcium 

hydroxide cement (CHC) as a liner in deep caries lesions appears unnecessary. 

However, the level of evidence was of moderate to very low quality; thus, it has been 

suggested that further well-designed, randomized, and controlled clinical trials are 

necessary to provide more robust recommendations (10). The authors emphasized 
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that the inclusion of other studies in the meta-analysis could improve the confidence in 

the effect size estimate and change the estimate (10).  

 As studies with hard outcomes, such as pulp vitality, are recommended, this 

prospective randomized controlled study aimed to compare the pulp vitality of two 

restorative options for the management of deep caries in primary teeth.  

 

4.2 METHODOLOGY 

 

Trial design and ethical approval 
 This study was designed as a two-arm parallel group (1:1 allocation rate), 

controlled, noninferiority, randomized, double-blind (particpants and outcome 

examiner) clinical trial with a 2-year follow-up. The study protocol was approved by the 

ethics committee of the Faculty of Dentistry – Ibirapuera University (#1.670.059), 

registered at the clinical studies database (ClinicalTrials.gov registration number 

NCT02903979), and published elsewhere (14). This paper was reported according to 

the Consolidated Standards of Reporting Trials (CONSORT 2010) guideline (annex 

B)(15). Written informed consent was obtained from all legal guardians of participants 

(appendix A). Children also agreed to participate by nodding their heads (appendix B). 

 

Sample Size 

As there is no previous study evaluating the pulp vitality from ART restorations 

using CHC, we considered data from indirect pulp treatment. A 94% expected success 

rate was considered for pulp vitality using calcium hydroxide cement as a lining 

material in 12 to 29 months of follow-up (16). A clinically significant difference between 

groups of 15%, a significant level of 0.05, and a power of 0.80 were used. Considering 

a one-tailed test for noninferiority trials, 20% of possible sample loss, and an extra 40% 

due to the cluster design (teeth as unit of analysis), a final number of 54 teeth per group 

and 108 total teeth was reached. 

 

Participants 

 Children aged from 4 to 8 years seeking dental treatment at the Clinic of 

Pediatric Dentistry of the Ibirapuera University, Sao Paulo, Brazil, were screened under 

natural light. Potentially eligible children were referred for a clinical examination by an 

examiner involved in the study. Children with at least one deciduous molar with deep 
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caries on the occlusal/occlusal-proximal surfaces were included. Deep caries was 

defined as those that radiographically involving the inner third of the dentine. Patients 

with special needs, systemic conditions that could influence the oral cavity, or using 

orthodontic devices were excluded. We also excluded teeth that were restored, sealed, 

with enamel developmental defects, pulp exposure, spontaneous pain, mobility, 

swelling, fistula, or mobility incompatible with the root resorption stage. An initial 

bitewing radiograph was obtained to confirm the lesion depth and to exclude a possible 

pulp involvement. 

 

 

Study groups 

 All volunteers who met the eligibility criteria were randomly assigned into two 

groups: (1) restoration with hydroxide calcium cement lining and high-viscosity glass 

ionomer cement (CHC+HVGIC) filling and (2) restoration with HVGIC filling.  

 

Randomization and allocation concealment  

 Teeth were allocated in two parallels arms: HVGIC and CHC+HVGIC groups. 

The random sequence generation was performed by an external researcher 

considering the type of cavity – occlusal or occluso-proximal surfaces – as strata, in 

blocks of 4 and 6, using the www.sealedenveloped.com website. The group 

assignment was concealed in individual opaque sealed envelopes opened by dental 

assistants after the selective caries removal and immediately before the restorative 

procedures. 

 

Interventions 

 The operators were previously trained for theoretical and practical aspects to 

ensure the standardization of the clinical procedures and minimize variations. The 

training included three hours of theoretical lectures and pre-clinical activities for both 

HVGIC and CHC+HVGIC restorations. Two trained operators performed the 

restorations according to group assignment at the Clinic of Pediatric Dentistry of the 

Ibirapuera University.            

 Selective carious tissue removal to soft dentin from pulp wall was performed 

using a sharp spoon excavator compatible with cavity size, under relative isolation with 

cotton rolls. The carious tissue was removed entirely in peripheral enamel and dentin-

http://www.sealedenveloped.com/
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enamel junction until reaching the sound substrate. A metal matrix was used in 

occlusal-proximal cavities for filling. Cavities filled with HVGIC were pre-treated with 

polyacrylic acid for 10 seconds, followed by washing and dried with cotton pellets. 

HVGIC (Fuji IX; GC Corporation, Tokyo, JP) was mixed according to the 

manufacturer's instructions and inserted into the cavity with a spatula and gently 

pressed with a finger on the occlusal surface using petroleum jelly. For teeth allocated 

to the CHC+HVGIC group, a thin layer of hydroxide calcium cement (Hydro C; Dentsply 

Sirona, Pennsylvania, USA) was applied on pulp/axial walls following the 

'manufacturer's instructions before restoration. HVGIC restoration was performed as 

previously mentioned to the HVGIC group. Finally, the occlusion was checked for 

interferences with carbon paper, and then the restoration surfaces were protected with 

petroleum jelly. 

All participants and their legal guardians were instructed regarding oral hygiene 

with at least 1000ppm fluoride toothpaste from 2 to 3 times a day. Members from 

CEPECO (Clinical Research Center in Pediatric Dentistry) collaborative group treated 

participants’ other dental needs according to the decision-making diagram previously 

proposed (14). 

 

Follow-up and outcome measures  

 Participants were reminded of their follow-up visits by a phone call or letter. 

Participants who could not be reached were considered lost to follow-up. 

Participants were scheduled for clinical examination at 6, 12, and 24 months 

after the restorative phase. Two experienced, trained, and calibrated examiners (TKT 

and ACVMM) conducted the clinical evaluations and performed the outcome 

assessment. The training consisted of 3-h theoretical lectures with photograph 

evaluations and a clinical evaluation of children with dental conditions similar to those 

of the trial. The examiners were blinded to the intervention and were not involved in 

group allocation or restorative procedures.  

 The primary outcome was the success rate of pulp vitality after two years of 

follow-up. The survival of restorations was considered a secondary outcome. The 

restoration survival rate was also evaluated as a secondary outcome as well as the 

caries progression, discomfort from different restorative treatments, cost-effective 

analysis that will be published in another article. 
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Clinical Outcomes 

 Pulp vitality was evaluated using the PUFA index (17),  which considers the 

presence of pulp involvement (P), ulceration due to tooth fragments (U), fistula 

formation (F), and abscess (A), associated with radiographic evaluation. Success was 

defined as the absence of pulp manifestation. Failure was defined as visible pulp 

involvement, ulceration, fistula, and abscess, with pain and pathological mobility in the 

clinical assessment. Teeth that presented furcation involvement or periapical lesions, 

internal or external root resorption in the radiographic exam were also considered a 

failure. 

 Survival of restorations was evaluated using Frencken et al. (18) criteria for 

occlusal restorations and Roeleveld et al. (19) criteria for occlusal-proximal 

restorations. Occlusal restorations were considered a success if rated as 0 (present, 

good), 1 (present, slight defect at the margin and/or wear of the surface of less than 

0.5 mm deep; no repair needed), or 7 (present, gradual wear and tear over larger parts 

of the restoration but less than 0.5 mm at the deepest point; no repair needed). 

Occluso-proximal restorations were considered a success if rated 00 (restoration is 

present, good) or 10 (restoration is present, slight defect at the margin and/or wear of 

the surface; < 0.5 mm in depth, no reparation needed).  Exfoliated primary teeth were 

consideraded as success in pulp vitality analysis. For survival of restoration, data were 

censored. 

 

Blinding 

 Blinding of operators was not possible due to the evident differences between 

the restorative interventions. However, the participants and the examiners were 

blinded. Blinding of examiners was possible as the restorations from both groups were 

clinically similar. 

 

Statistical analysis 

 A researcher not directly involved in the study performed the statistical analysis 

of the data. The chi-square test was used to compare the outcomes in each group at 

the beginning and at the end of the study. 

           Intention-to-treat (ITT) analysis was used for the primary outcome. Logistic 

regression was used to compare pulp vitality between groups. Odds ratios (OR) and 95% 
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confidence intervals (CI) were calculated. Statistical analysis was carried out using SPSS 

statistical software (Chicago, IL, USA).  

Kaplan-Meier analysis was used to estimate the restorations’ survival. Participants 

evaluated at least once during the study were included in the analysis. The log-rank test 

was used to assess differences between the survival curves. The annual failure rate was 

also calculated (20).  The multivariate Cox regression model with shared frailty was used 

to assess the association between restoration survival and explanatory variables. The 

final model included the variables with p ≤0.05 in the univariate analysis. Hazard ratios 

(HR) and 95%CI were calculated. Statistical analysis was performed using survival and 

survimener packages of the RStudio, version 1.1.45 statistical software, version 4.0.2 (R 

Core Team, 2012, Vienna, Austria). The significance level was set as 5% for all analyses. 

 
4.3 RESULTS 

 

The Kappa value for inter-rater reliability was 0.91. One hundred and eight (108) 

teeth were randomly allocated to receive HVGIC (n=54) or CHC+HVGIC (n=54). 

Children were enrolled from November 2016 to April 2018. The final follow-up 

evaluation was performed in March 2020. At 2-year follow-up, 86 teeth were assessed, 

and 91 were evaluated at least once during the study. The final drop-out was 20%, and 

the number of participants at the beginning and at the end of the study was similar 

between the groups (p=0.872). Figure 4.1 shows the flow chart of participants 

throughout the study phases.  
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Figure 4.1 – Flow chart of participants through the study phases 

 

 

Source: The author. 

 

           The baseline characteristics of participants, according to the allocated group, are 

shown in Table 4.1. Most were girls (54.8%), 4-5-year-olds (59.3%), presented high 

caries experience (89.9%), and poor oral hygiene (56.5%). 
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Table 4.1 – Baseline characteristics of participants included in the study 

 

Characteristics CHC+HVGIC 

n (%) 

HVGIC 

n (%) 

Sex Female 28 (51.9%) 29 (53.7%) 

Male 26 (48.1%) 25 (46.3%) 

Age 4-5 years old 25 (46.3%) 19 (35.2%) 

6-7 years old 29 (53.7%) 35 (64.8%) 

Caries 

experience 

dmf-t<3 6 (11.1%) 5 (9.3%) 

dmf-t≥3 48 (88.9%) 49 (90.7%) 

Oral Hygiene* Good: 0.0 – 0.6 11 (20.4%) 8 (14.8%) 

Regular: 0.7-1,8 15 (27.8%) 13 (24.1%) 

Poor: 1.9-3.0 28 (51.8%) 33 (61.1%) 

Type of cavity occlusal 27 (50%) 27 (50%) 

occlusal-proximal 27 (50%) 27 (50%) 

* Oral hygiene was considered in accordance with the Greene and Vermillion index. 
 
Source: The author. 

 

Table 4.2 shows the results for pulp vitality. The per-protocol analysis of the data 

was performed, but it did not significantly differ from ITT analysis. For this reason, only 

ITT results are shown. The pulp vitality success of the HVGIC and CHC+HVGIC groups 

was 68.5% and 70%, respectively, after 2 years (p=0.835).  
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Table 4.2 – Logistic regression analysis comparing pulp vitality between the groups 

 

Variables 

Pulp vitality 

Success 

n (%) 

Failure 

n (%) 
OR (95% CI) 

Groups 

CHC + HVGIC 38 (70%) 16 (30%) Ref. 

HVGIC 37 (68.5%) 17 (31.5%) 1.091 (0.481-2.475) 

 
Source: The author. 

 

The distribution of success and failure rate of pulp vitality according to the type of 

cavity at 12 and 24 months for both groups are displayed in Table 4.3. For the HVGIC 

group, the distribution of failures was similar between the occlusal and occlusoproximal 

surfaces at 12 and 24 months. Conversely, for the CHC+HVGIC group, a higher failure 

rate was observed for occlusoproximal surfaces in 12 and 24 months. 
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Table 4.3 – Distribution of success and failure rate of pulp vitality according to the type of cavity at 12 and 
24 months for both groups 

 
 

 

12 months 24 months 

Success 

n (%) 

Failure 

n (%) 

Success 

n (%) 

Failure 

n (%) 

CHC +  

HVGIC 

Occlusal 
25 

(92.6%) 

2 

(7.4%) 

22 

(81.5%) 

5 

(18.5%) 

Occlusoproximal 
18 

(66.7%) 

9 

(33.3%) 

15 

(55.6%) 

12 

(44.4%) 

HVGIC 

Occlusal 
23 

(85.2%) 

4 

(14.8%) 

18 

(66.7%) 

9 

(33.3%) 

Occlusoproximal 
23 

(85.2%) 

4 

(14.8%) 

19 

(70.4%) 

8 

(29.6%) 

 

Source: The author. 

 

 The HVGIC group showed a higher restoration survival rate than CHC+HVGIC 

(p=0.021). The Kaplan-Meier curve is shown in Figure 4.2. The survival rate of HVGIC 

and CHC+HVGIC were, respectively, 73.3% and 50%, after 2 years. The annual failure 

rate was 13% for HVGIC and 20.3% for HCC+HVGIC.  
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Figure 4.2 – Kaplan-Meier curve of the survival analysis of restorative procedures 

 

 

Source: The author. 

 

Table 4.4 shows the results of the Cox regression analysis. Only the treatment 

variable presented a p<0.20. In this sense, the adjusted analysis was not performed. 

Teeth treated with HVGIC had 65% less chance of failure than those treated with 

CHC+HVGIC. 
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Table 4.4 - Cox regression analysis (Hazard Ratio; 95% Confidence Interval) for failure of restorations 
according to explanatory variables 

 
 

Variables 
Survival  

N (%) 

Unajusted HR 

(95% CI) 

p value 

Restorative 

Groups 

CHC+HVGIC 23 (50%) Ref. 
0.024 

HVGIC 33 (73.3%) 0.45 (0.22-0.90) 

Sex 
Female 27 (62.8%) Ref. 

0.779 
Male 29 (60.5%) 1.1 (0.56-2.14) 

Jaw 
Upper 20 (55.6%) Ref. 

0.298 
Lower 36 (65.5%) 1.43 (0.73-2.78) 

Tooth 
First molar 30 (65.1%) Ref. 

0.643 
Second molar 26 (57.8%) 1.2 (0.60-2.3) 

Surface 
Occlusal 28 (57.1%) Ref. 

0.294 
Occlusoproximal 28 (66.7.%) 0.70 (0.35-1.37) 

 

Source: The author. 

 

No harm or unintended effects were verified in both groups. 

 

4.4 DISCUSSION 

 

 

    The management of deep caries is still a challenge as there is no robust 

evidence on whether the use of cavity lining is required. As easier and effective 

techniques could be helpful, especially for pediatric patients, this study compared the 

long-term pulp vitality of primary teeth with deep caries managed by two restorative 

options. Teeth restored with HVGIC without cavity lining, following ART premises, 

showed similar results to teeth restored with CHC cavity lining and HVGIC filling 

regarding pulp health. 
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 Lining deep cavities is advocated for dentin-pulp complex protection to reduce 

postoperative complications (21), but there is no evidence of its need. (10). The 

remineralization of caries tissue and induction of reactionary dentin formation have 

been mentioned as advantages of CHC application as a liner (21,22).  However, no 

clinical benefit of CHC application was found in our study. The selective carious 

removal was probably enough to protect the dentin-pulp complex allowing the pulp 

tissue to repair from the carious aggression. The removal to soft dentine on the pupal 

floor prevents accidental pulp exposure and stress to the pulp while maintaining a 

barrier that preserves pulp health (9).  

 Our finding corroborates previous studies that suggest that pulp vitality can be 

maintained with selective caries removal independent of the material that is closest to 

the pulp (10-13). An essential requirement to assure the caries arrest after selective 

caries removal is the proper sealing of the cavity margin. Therefore, the carious tissue 

in peripheral enamel and dentin-enamel junction must be completely removed, 

allowing an adequate marginal adhesion of the restorative material and providing an 

effective seal (9). 

 Overall, glass ionomer cement have shown promising results in deep cavity 

restorations and maintenance of pulp vitality (10). Although no previous clinical trial 

has evaluated different HVGICs for filling deep cavities, the difference in the proportion 

of the compounds should not affect biocompatibility characteristics. Conversely, the 

better longevity expected with this material corroborates the caries arrest process (23). 

The findings of this study are even more relevant when adopting the ART philosophy. 

The management of deep caries without anesthesia (when possible), rotary 

instruments, or rubber dam allows for friendlier dental care (18), resulting in lower 

anxiety and pain for children (6). In the evidence-based dentistry approach, the 

'patients' needs and preferences should be considered in the decision-making process 

of caries management.   

  It is necessary to highlight that the success of restorative treatment for deep 

cavities depends on the correct diagnosis of the pulp condition, which in pediatric 

patients can be tricky (24). Thus, treatment failures could be more associated with an 

incorrect pulp health diagnosis than with the technique itself, a possible limitation of 

studies, such as ours, that considered pulp vitality as the outcome. This fact can also 

explain the success rate found in our study. However, the thorough diagnosis of the 

pulp health with the PUFA clinical assessment index and the radiographic evaluation 
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could have minimized the risk of inaccurate diagnosis. The teeth included in this study 

did not have any sign of pulp necrosis, irreversible pulpitis, or chronic degenerative 

changes that would require another type of pulp treatment, such as endodontic 

treatment. 

 On the other hand, the HVGIC group showed a higher success rate than the 

group that also received CHC protection. A lower annual failure rate for restorations 

with HVGIC alone was observed. The presence of an extra interface with CHC before 

HVGIC can result in a higher chance of failure. A previous study suggested that the 

application of CHC can jeopardize the restoration in terms of margin integrity and 

fracture resistance (21). Furthermore, the solubility of CHC in contact with fluid from 

dentinal tubules has been broadly discussed, which can result in restoration 

displacement and marginal leakage over time (21,22,25). Because deciduous molars 

are small teeth, placing two layers of materials (lining and filling) in a cavity could be 

challenging, thus, a simpler technique would be advantageous. In this context, it has 

been expected that the survival rate of occlusal and occlusoproximal restorations could 

be different between them. Thus, the inclusion of both occlusal and occlusoproximal 

cavities could be considered as a limitation of our study. However, we performed the 

randomization stratified according to the type of cavity, which showed no influence on 

the survival rate of ART restoration. 

 In this panorama, the results from this randomized clinical trial support that the 

layer of CHC in the base of deep cavities before filling with glass ionomer cement does 

not provide clinical advantages concerning restoration longevity and pulp vitality. 

HVGIC restorations following the ART philosophy are recommended for deep caries 

in deciduous teeth. Nevertheless, the conduction of well-designed studies focusing on 

patients' preferences should be performed to guide pediatric dentistry in the decision-

making process. 
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4.5 CONCLUSION 

 

Deep caries lesions in primary molars should be treated with high-viscosity 

glass ionomer cement in ART premises as results in similar pulp vitality of the 

application of hydroxide calcium cement as liner associated with high-viscosity glass 

ionomer cement, but with a higher survival rate of restoration. 
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5 FINAL CONSIDERATIONS 

 

 

The present clinical trial dealt with treatment options for cavitated deep caries 

lesions in primary teeth. The primary outcome was to evaluate the pulp vitality using 

calcium hydroxide cement as a liner, comparing to the control group (no liner) and the 

restoration longevity as the secondary outcome.  

As ART restorations are not indicated for deep cavities, this is the first trial to 

show that this patient-friendly and minimally invasive treatment can apply to those 

conditions. Moreover, we could find that using calcium hydroxide does not improve 

pulp vitality nor the restorations survival, suggesting that using this material as a liner 

is not advocated. 
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APPENDIX A – Parents/carers consert form 

 
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO 

 
Título do estudo: Impacto de diferentes tratamentos restauradores para lesão de cárie 

profundas em dentes decíduos – ensaio clinico randomizado. 

Pesquisador responsável: Tamara Kerber Tedesco 

Instituição/Departamento: UNIB- UNIVERSIDADE IBIRAPUERA 

Telefone para contato: 11 954866622 

Local da coleta de dados: CIDADE DE SÃO PAULO/ UNIB  
 

Prezado(a) Senhor(a): 

• Sua participação é totalmente voluntária. Você está sendo convidado(a) a participar 

de uma pesquisa. 

• O motivo que o(a) Sr(a) foi convidado(a) a fazer parte da pesquisa é que a Universidade 

Ibirapuera promove além de pesquisas, a assistência à comunidade. Antes de 

concordar em participar desta pesquisa, é muito importante que você compreenda as 

informações e instruções contidas neste documento;  

• O pesquisador deverá responder a todas as suas dúvidas antes de você se decidir a 

participar (Garantia de resposta a qualquer dúvida); 

• Você tem o direito de desistir de participar da pesquisa a qualquer momento, sem 

penalidade e sem perder os benefícios aos quais tenha direito. Podendo restringir o uso 

de informações e de procedimentos. 
 

1. Objetivo e justificativa do estudo: 

Avaliar a eficácia de restaurações de cimento de ionômero de vidro de alta viscosidade  

(material utilizado para restaurar o dente) comparado ao capeamento pulpar indireto 

(técnica utilizada para tratamento de dentes cariados) com cimento de hidróxido de cálcio 

associado ao restauração com cimento de ionômero de vidro de alta viscosidade para o 

tratamento de lesões profundas em molares decíduos (dentes de leite).    
 

3. Os procedimentos a serem utilizados  

Será realizada, inicialmente, uma limpeza nos dentes do seu filho. Após será realizado um 

exame visual e radiográfico. O dente selecionado para pesquisa receberá então uma 

restauração, aonde será feita a remoção do tecido cariado e a colocação de uma material 

para selar a cavidade. Serão também realizados questionários sobre como seu filho se 

sente em relação a saúde bucal. 
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4. Os desconfortos ou riscos esperados  

Caso seu filho sinta qualquer tipo de constrangimento ou desconforto deverá informar 

imediatamente ao pesquisador. Os riscos relacionados a esta pesquisa podem ser 

considerados moderados. Os possíveis riscos são os mesmos de qualquer procedimento 

restaurador e estão relacionados a possíveis falhas da restauração, bem como possível 

progressão das lesões de cárie podendo levar a envolvimento pulpar. 

 

5. Os benefícios que se pode obter  

Os benefícios para o paciente voluntário envolvem o aprendizado dos fatores responsáveis 

pela doença cárie; tratamento dos dentes envolvidos na pesquisa e demais tratamentos 

dentários que forem necessários, com possível diminuição e/ou paralisação da doença cárie 

e contribuição para o estudo de tratamentos restauradores em lesões de cárie profundas. 

 6. Garantia de privacidade  

 Os dados pessoais dos pacientes serão preservados, e apresentados na forma de 

dados numéricos estatísticos.  As fotos e radiografias serão empregadas se o paciente 

consentir. A concordância em participar deste estudo não implica  em qualquer modificação 

nos tratamentos realizados de rotina, nenhum material novo está sendo testado. Da 

mesma forma, a não concordância em participar deste estudo não irá alterar de nenhuma 

maneira o tratamento já estabelecido e não acarretará em nenhum prejuízo para o 

paciente.  

7. Compromisso com informação atualizada do estudo- Caso tenha interesse 

nos resultados da pesquisa poderá ligar no telefone disponibilizado ou acessar o 

currículo lattes do pesquisador . 

8.  Indenizações- - Caso haja um eventual problema em relação ao 

procedimento/ intervenção e associado com a pesquisa em questão, os 

pesquisadores serão responsáveis por sanar os problemas e possível indenizaçoes 

decorrentes.    

Eu, ............................................................................ responsável pelo(a) menor 

.............................................................................. fui informado dos objetivos da 

pesquisa acima de maneira clara e detalhada. Recebi informação sobre os procedimentos 

a serem realizados e esclareci minhas dúvidas. Sei que em qualquer momento 

poderei solicitar novas informações e modificar minha decisão se assim eu o desejar. A 

Dra. Tamara Kerber Tedesco (pesquisador responsável) certificou-me de que todos os 
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dados desta pesquisa, bem como o tratamento não será modificado em razão desta 

pesquisa e terei liberdade de retirar meu consentimento de participação na pesquisa, face 

a estas informações.  

Declaro que recebi cópia do presente Termo de Consentimento. 

  

______________________    __/___/___  

Assinatura do Responsável 

_____________________    RG___________________ 

Nome do Responsável 

________________________    ___/___/___  

Assinatura do Pesquisador  

____________________________  

Nome do Pesquisador  

 

Este formulário foi lido para _______________________________ (nome do responsável) em 

_____/_____/_______  

 

(data) pelo _______________________ (nome do pesquisador) enquanto eu estava presente.  

 

Assinatura de testemunha              ________________________   

 

Nome                                            ________________________  

Disque Denúncia COEPE_(11)5694-7900 (Ramais: 
7957/ 7988  
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APPENDIX B – Child assent form 

 

TERMO DE ASSENTIMENTO 

O termo de assentimento não elimina a necessidade de fazer o termo de consentimento 

livre e esclarecido que deve ser assinado pelo responsável ou Representante legal do 

menor. 

 
Título do estudo: Impacto de diferentes tratamentos restauradores para lesão de cárie 

profundas em dentes decíduos – ensaio clinico randomizado 

Pesquisador responsável: Tamara Kerber Tedesco 

Instituição/Departamento: UNIB- UNIVERSIDADE IBIRAPUERA 

Telefone para contato: 11 954866622 

Local da coleta de dados: CIDADE DE SÃO PAULO/ UNIB  

 

Você está sendo convidado para participar da pesquisa Impacto de diferentes tratamentos 

restauradores para lesão de cárie profundas em dentes decíduos – ensaio clinico 

randomizado. Seus pais permitiram que você participe. Queremos saber se as restaurações 

de cimento de ionômero de vidro de alta viscosidade (a massinha utilizado para arrumar o 

dente) comparado ao capeamento pulpar indireto com cimento de hidróxido de cálcio (um 

remédio para proteger o dente antes da massinha) são eficazes para o tratamento de 

lesões de cárie profundas nos dentes de leite.  As crianças que irão participar dessa 

pesquisa têm de 4 a 8 anos de idade. Você não precisa participar da pesquisa se não 

quiser, é um direito seu, não terá nenhum problema se desistir. A pesquisa será feita na 

Clínica Odontológica da Universidade Ibirapuera, onde as crianças terão seus dentes 

tratados. Para isso, será usado o cimento de ionômero de vidro de alta viscosidade. O uso 

do deste material é considerado(a) seguro (a), mas é possível que a restauração quebre. 

Caso aconteça algo errado, você pode nos procurar pelos telefones (11) 954866622 da 

pesquisadora Tamara Kerber Tedesco ou (11) 98786-4953 da pesquisadora Gabriela 

Seabra Quennehen da Silva. Mas há coisas boas que podem acontecer como aprender a 

cuidar dos dentes para que eles não tenham novamente a doença cárie, além do 

tratamento dos dentes que já estiverem doentes. Ninguém saberá que você está 

participando da pesquisa, não falaremos a outras pessoas, nem daremos a estranhos as 

informações que você nos der. Os resultados da pesquisa vão ser publicados, mas sem 

identificar as crianças que participaram da pesquisa. Se você tiver alguma dúvida, você 

pode me perguntar ou a pesquisadora Gabriela Seabra Quennehen da Silva. Eu escrevi os 

telefones na parte de cima desse texto. 

EU 

_________________________________________________________________aceito 
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participar da pesquisa Impacto de diferentes tratamentos restauradores para lesão de cárie 

profundas em dentes decíduos – ensaio clinico randomizado, que tem o objetivo avaliar a 

eficácia de restaurações de CIVAV comparado ao capeamento pulpar indireto com cimento 

de hidróxido de cálcio associado ao CIVAV para o tratamento de lesões profundas em 

molares decíduos. Entendi as coisas ruins e as coisas boas que podem acontecer. Entendi 

que posso dizer “sim” e participar, mas que, a qualquer momento, posso dizer “não” e 

desistir que ninguém vai ficar furioso. Os pesquisadores tiraram minhas dúvidas e 

conversaram com os meus responsáveis. 

 
 
 
Recebi uma cópia deste termo de assentimento e li e concordo em participar da 
pesquisa. 
 

São Paulo,____de__________de________. 

 

_________________________________________ 

Assinatura do menor 

_________________________________________ 

Assinatura do(a) pesquisador (a) 

 

Disque Denúncia COEPE_(11)5694-7900 
(Ramais: 7957/ 7988  
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ANNEX A – Checklist of SPIRIT 

 

 

 

 

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related 

documents* 

Section/it
em 

Ite
m
N
o 

Description Addres
sed on 
page 
number 

Administrative information  

Title 1 Descriptive title identifying the study design, population, interventions, 
and, if applicable, trial acronym 

33 

Trial 
registratio
n 

2a Trial identifier and registry name. If not yet registered, name of intended 
registry 

34 

2b All items from the World Health Organization Trial Registration Data Set - 

Protocol 
version 

3 Date and version identifier - 

Funding 4 Sources and types of financial, material, and other support - 

Roles and 
responsibi
lities 

5a Names, affiliations, and roles of protocol contributors - 

5b Name and contact information for the trial sponsor - 

 5c Role of study sponsor and funders, if any, in study design; collection, 
management, analysis, and interpretation of data; writing of the report; 
and the decision to submit the report for publication, including whether 
they will have ultimate authority over any of these activities 

- 

 5d Composition, roles, and responsibilities of the coordinating centre, 
steering committee, endpoint adjudication committee, data management 
team, and other individuals or groups overseeing the trial, if applicable 
(see Item 21a for data monitoring committee) 

- 

Introducti
on 

   

Backgrou
nd and 
rationale 

6a Description of research question and justification for undertaking the 
trial, including summary of relevant studies (published and unpublished) 
examining benefits and harms for each intervention 

33,34 
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 6b Explanation for choice of comparators 33,34 

Objectives 7 Specific objectives or hypotheses 34 

Trial 
design 

8 Description of trial design including type of trial (eg, parallel group, 
crossover, factorial, single group), allocation ratio, and framework (eg, 
superiority, equivalence, noninferiority, exploratory) 

34 

Methods: Participants, interventions, and outcomes  

Study 
setting 

9 Description of study settings (eg, community clinic, academic hospital) 
and list of countries where data will be collected. Reference to where list 
of study sites can be obtained 

34 

Eligibility 
criteria 

10 Inclusion and exclusion criteria for participants. If applicable, eligibility 
criteria for study centres and individuals who will perform the 
interventions (eg, surgeons, psychotherapists) 

34,35 

Interventio
ns 

11
a 

Interventions for each group with sufficient detail to allow replication, 
including how and when they will be administered 

37,38 

11
b 

Criteria for discontinuing or modifying allocated interventions for a given 
trial participant (eg, drug dose change in response to harms, participant 
request, or improving/worsening disease) 

- 

11
c 

Strategies to improve adherence to intervention protocols, and any 
procedures for monitoring adherence (eg, drug tablet return, laboratory 
tests) 

- 

11
d 

Relevant concomitant care and interventions that are permitted or 
prohibited during the trial 

- 

Outcomes 12 Primary, secondary, and other outcomes, including the specific 
measurement variable (eg, systolic blood pressure), analysis metric (eg, 
change from baseline, final value, time to event), method of aggregation 
(eg, median, proportion), and time point for each outcome. Explanation 
of the clinical relevance of chosen efficacy and harm outcomes is 
strongly recommended 

39,40, 
41 

Participan
t timeline 

13 Time schedule of enrolment, interventions (including any run-ins and 
washouts), assessments, and visits for participants. A schematic 
diagram is highly recommended (see Figure) 

36 – Fig 
1 

Sample 
size 

14 Estimated number of participants needed to achieve study objectives 
and how it was determined, including clinical and statistical assumptions 
supporting any sample size calculations 

35 

Recruitme
nt 

15 Strategies for achieving adequate participant enrolment to reach target 
sample size 

35,36 
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Methods: Assignment of interventions (for controlled trials)  

Allocation:    

Sequen
ce 
generat
ion 

16
a 

Method of generating the allocation sequence (eg, computer-generated 
random numbers), and list of any factors for stratification. To reduce 
predictability of a random sequence, details of any planned restriction 
(eg, blocking) should be provided in a separate document that is 
unavailable to those who enrol participants or assign interventions 

44 

Allocati
on 
conceal
ment 
mecha
nism 

16
b 

Mechanism of implementing the allocation sequence (eg, central 
telephone; sequentially numbered, opaque, sealed envelopes), 
describing any steps to conceal the sequence until interventions are 
assigned 

44 

Implem
entatio
n 

16
c 

Who will generate the allocation sequence, who will enrol participants, 
and who will assign participants to interventions 

44 

Blinding 
(masking) 

17
a 

Who will be blinded after assignment to interventions (eg, trial 
participants, care providers, outcome assessors, data analysts), and 
how 

41,43 

 17
b 

If blinded, circumstances under which unblinding is permissible, and 
procedure for revealing a 'participant's allocated intervention during the 
trial 

- 

Methods: Data collection, management, and analysis  

Data 
collection 
methods 

18
a 

Plans for assessment and collection of outcome, baseline, and other 
trial data, including any related processes to promote data quality (eg, 
duplicate measurements, training of assessors) and a description of 
study instruments (eg, questionnaires, laboratory tests) along with their 
reliability and validity, if known. Reference to where data collection 
forms can be found, if not in the protocol 

39, 40, 
41,42 

 18
b 

Plans to promote participant retention and complete follow-up, including 
list of any outcome data to be collected for participants who discontinue 
or deviate from intervention protocols 

- 

Data 
managem
ent 

19 Plans for data entry, coding, security, and storage, including any related 
processes to promote data quality (eg, double data entry; range checks 
for data values). Reference to where details of data management 
procedures can be found, if not in the protocol 

41 

Statistical 
methods 

20
a 

Statistical methods for analysing primary and secondary outcomes. 
Reference to where other details of the statistical analysis plan can be 
found, if not in the protocol 

42,43 
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 20
b 

Methods for any additional analyses (eg, subgroup and adjusted 
analyses) 

43 

 20
c 

Definition of analysis population relating to protocol non-adherence (eg, 
as randomised analysis), and any statistical methods to handle missing 
data (eg, multiple imputation) 

- 

Methods: Monitoring  

Data 
monitoring 

21
a 

Composition of data monitoring committee (DMC); summary of its role 
and reporting structure; statement of whether it is independent from the 
sponsor and competing interests; and reference to where further details 
about its charter can be found, if not in the protocol. Alternatively, an 
explanation of why a DMC is not needed 

- 

 21
b 

Description of any interim analyses and stopping guidelines, including 
who will have access to these interim results and make the final decision 
to terminate the trial 

- 

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and 
spontaneously reported adverse events and other unintended effects of 
trial interventions or trial conduct 

- 

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether 
the process will be independent from investigators and the sponsor 

- 

Ethics and dissemination  

Research 
ethics 
approval 

24 Plans for seeking research ethics committee/institutional review board 
(REC/IRB) approval 

- 

Protocol 
amendme
nts 

25 Plans for communicating important protocol modifications (eg, changes 
to eligibility criteria, outcomes, analyses) to relevant parties (eg, 
investigators, REC/IRBs, trial participants, trial registries, journals, 
regulators) 

- 

Consent 
or assent 

26
a 

Who will obtain informed consent or assent from potential trial 
participants or authorised surrogates, and how (see Item 32) 

- 

 26
b 

Additional consent provisions for collection and use of participant data 
and biological specimens in ancillary studies, if applicable 

- 

Confidenti
ality 

27 How personal information about potential and enrolled participants will 
be collected, shared, and maintained in order to protect confidentiality 
before, during, and after the trial 

- 

Declaratio
n of 
interests 

28 Financial and other competing interests for principal investigators for the 
overall trial and each study site 

- 
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Access to 
data 

29 Statement of who will have access to the final trial dataset, and 
disclosure of contractual agreements that limit such access for 
investigators 

- 

Ancillary 
and post-
trial care 

30 Provisions, if any, for ancillary and post-trial care, and for compensation 
to those who suffer harm from trial participation 

- 

Dissemina
tion policy 

31
a 

Plans for investigators and sponsor to communicate trial results to 
participants, healthcare professionals, the public, and other relevant 
groups (eg, via publication, reporting in results databases, or other data 
sharing arrangements), including any publication restrictions 

43 

 31
b 

Authorship eligibility guidelines and any intended use of professional 
writers 

- 

 31
c 

Plans, if any, for granting public access to the full protocol, participant-
level dataset, and statistical code 

- 

Appendic
es 

   

Informed 
consent 
materials 

32 Model consent form and other related documentation given to 
participants and authorised surrogates 

- 

Biological 
specimen
s 

33 Plans for collection, laboratory evaluation, and storage of biological 
specimens for genetic or molecular analysis in the current trial and for 
future use in ancillary studies, if applicable 

- 

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 
Explanation & Elaboration for important clarification on the items. Amendments to the 
protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT 
Group under the Creative Commons ""Attribution-NonCommercial-NoDerivs 3.0 Unported"" 
license. 
 
 
 
 
 
 
 

http://www.creativecommons.org/licenses/by-nc-nd/3.0/




 
 

 
 
 
 
 
 
 





 
 

ANNEX  B – Checklist of Consort 

 
 
 
 
CONSORT 2010 checklist of information to include when reporting a randomised trial* 
 

Section/Topic 
Item 
No Checklist item Reported on page No 

Title and abstract 
 1a Identification as a randomised trial in the title 49 

1b Structured summary of trial design, methods, results, and conclusions (for 
specific guidance see CONSORT for abstracts) 

49 

Introduction 
Background and 
objectives 

2a Scientific background and explanation of rationale 50 
2b Specific objectives or hypotheses 51 

Methods 
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio 51 

3b Important changes to methods after trial commencement (such as eligibility 
criteria), with reasons 

NA 

Participants 4a Eligibility criteria for participants 52 
4b Settings and locations where the data were collected 53 

Interventions 5 The interventions for each group with sufficient details to allow replication, 
including how and when they were actually administered 

53/54 

Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, 
including how and when they were assessed 

54/55 

6b Any changes to trial outcomes after the trial commenced, with reasons NA 
Sample size 7a How sample size was determined 51/52 

7b When applicable, explanation of any interim analyses and stopping guidelines NA 
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Randomisation:    
 Sequence 
generation 

8a Method used to generate the random allocation sequence 52/53 
8b Type of randomisation; details of any restriction (such as blocking and block 

size) 
52/53 

 Allocation 
concealment 
mechanism 

9 Mechanism used to implement the random allocation sequence (such as 
sequentially numbered containers), describing any steps taken to conceal the 
sequence until interventions were assigned 

52/53 

 
Implementation 

10 Who generated the random allocation sequence, who enrolled participants, and 
who assigned participants to interventions 

52/53 

Blinding 11a If done, who was blinded after assignment to interventions (for example, 
participants, care providers, those assessing outcomes) and how 

55 

11b If relevant, description of the similarity of interventions NA 
Statistical 
methods 

12a Statistical methods used to compare groups for primary and secondary 
outcomes 

55/56 

12b Methods for additional analyses, such as subgroup analyses and adjusted 
analyses 

55/56 

Results 
Participant flow 
(a diagram is 
strongly 
recommended) 

13a For each group, the numbers of participants who were randomly assigned, 
received intended treatment, and were analysed for the primary outcome 

56 – Figure 1 

13b For each group, losses and exclusions after randomisation, together with 
reasons 

56 – Figure 1 

Recruitment 14a Dates defining the periods of recruitment and follow-up 56 
14b Why the trial ended or was stopped NA 

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 56 – Table 1 
Numbers 
analysed 

16 For each group, number of participants (denominator) included in each analysis 
and whether the analysis was by original assigned groups 

56 

Outcomes and 
estimation 

17a For each primary and secondary outcome, results for each group, and the 
estimated effect size and its precision (such as 95% confidence interval) 

56/57 – Table 2 and 3 

17b For binary outcomes, presentation of both absolute and relative effect sizes is 
recommended 

NA 
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Ancillary 
analyses 

18 Results of any other analyses performed, including subgroup analyses and 
adjusted analyses, distinguishing pre-specified from exploratory 

57 - Table 3 

Harms 19 All important harms or unintended effects in each group (for specific guidance 
see CONSORT for harms) 

57 

Discussion 
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if 

relevant, multiplicity of analyses 
58/59 

Generalisability 21 Generalisability (external validity, applicability) of the trial findings 59 
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and 

considering other relevant evidence 
57, 58, 59 

Other information  
Registration 23 Registration number and name of trial registry 51 
Protocol 24 Where the full trial protocol can be accessed, if available 51 
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders - 

 
*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important 
clarifications on all the items. If relevant, we also recommend reading CONSORT extensions for cluster randomised trials, noninferiority and 
equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. Additional extensions are forthcoming: for 
those and for up to date references relevant to this checklist, see www.consort-statement.org. 
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