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Abstract: Background: The aim of this study was to elaborate a
randomized clinical trial protocol to evaluate the effectiveness of class I
restorations in resin-modified glass ionomer cement (RMGIC) and bulk-fill
resin in primary molars with untreated early childhood caries in toddlers.
Material and Methods: A total of 59 toddlers up to 36 months old with at
least two primary molar teeth with untreated dental caries of single surface
on different sides of the mouth will be selected at the Pediatric Dentistry
Clinics of the Faculty of Dentistry at Federal University of Minas Gerais
(UFMG), Brazil. Teeth with untreated dental caries in the left and right sides
of each patient’s mouth will be randomly distributed into 2 groups: Group 1
(Control): encapsulated RMGIC restoration with Riva light cure (SDI, Florida,
USA) and Group 2 (Test): Filtek bulk-fill composite resin restoration (3M/ESPE,
St. Paul, USA) with universal single bond adhesive system (3M/ESPE, St. Paul,
USA). A single trained dentist will perform all restorative procedures. The
restorations will be evaluated after 1, 6, 12, 18 and 24 months by two trained
and calibrated examiners. Cost-efficacy analysis will be carried out. KaplanMeier survival analysis, Log-rank test, Cox regression, Poisson regression
analysis, Mann-Whitney test or Kruskal-Wallis will be performed to analyze
data. Conclusion: The protocol will make it possible to determine the most
efficacy material for the restoration of cavities in cavities in primary molars
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Resumen: Antecedentes: El objetivo de este estudio fue elaborar un protocolo
de ensayo clínico aleatorizado para evaluar la efectividad de las restauraciones de
clase I en cemento de ionómero de vidrio modificado con resina (RMGIC) y resina
bulk-fill en molares primarios con caries de la primera infancia no tratadas en niños
preescolares. Material y Métodos: Un total de 59 niños de hasta 36 meses de
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edad con al menos dos molares temporales con caries no
tratada de superficie única en diferentes lados de la boca
serán seleccionados en las Clínicas de Odontología Pediátrica
de la Facultad de Odontología de la Universidad Federal de
Minas Gerais (UFMG), Brasil. Los dientes con caries no tratada
en los lados izquierdo y derecho de la boca de cada paciente
se distribuirán aleatoriamente en 2 grupos: Grupo 1 (Control):
restauración RMGIC encapsulada con fotopolimerización Riva
(SDI, Florida, EE. UU.) Y Grupo 2 (Prueba): Restauración de resina
compuesta bulk-fill Filtek (3M / ESPE, St. Paul, EE. UU.) con sistema
adhesivo de unión simple universal (3M / ESPE, St. Paul, EE. UU.).
Un solo dentista capacitado realizará todos los procedimientos

INTRODUCTION.
Early childhood caries (ECC) is the most prevalent
chronic disease in children, representing a public
health problem. 1 The painful symptoms caused by
untreated dental caries can negatively interfere in
sleep, speech and eating which, in particular, can
hinder the intake of important nutrients for children's
growth and development 2 In this sense, studies have
been conducted about the prevention, diagnosis, risk
assessment, as well as clinical approach to ECC. 3-7
In Pediatric Dentistry, certain patterns of behavior
related to the physical, chemical, mechanical and
biological properties of materials can vary when
comparing primary and permanent teeth. 8 The choice
of restorative material must be made individually. Also,
minimally invasive approaches for the treatment of
carious lesion can be especially interesting in primary
teeth due to the smaller thickness of enamel and
dentin and the faster progression of the carious lesion
in relation to permanent teeth, in addition to reducing
the risk of pulp exposure. 9 Therefore, adhesive
restorative materials, such as glass ionomer cement
(GIC) and composite resin associated with adhesive
system, become necessary for greater preservation
of the dental structure with adequate anatomical and
functional restoration.
The GIC has the ability to initial rapid fluoride
release, followed by a slow diffusion of fluoride over
long periods of time. The RMGIC was created to
overcome the low tensile and compressive strength of
conventional GIC. RMGIC has shown higher values of

de restauración. Las restauraciones serán evaluadas después
de 1, 6, 12, 18 y 24 meses por dos examinadores capacitados
y calibrados. Se llevará a cabo un análisis de coste-eficacia. Se
realizarán análisis de supervivencia de Kaplan-Meier, prueba de
rango logarítmico, regresión de Cox, análisis de regresión de
Poisson, prueba de Mann-Whitney o Kruskal-Wallis para analizar
los datos. Conclusión: El protocolo permitirá determinar el
material más eficaz para la restauración de caries en molares
temporales de niños preescolares.
Palabra Clave: Análisis Costo-Beneficio; Diente Molar; Diente
Primario; Ensayo Clínico; Materiales Dentales; Preescolar.

flexural strength, flexural toughness and fracture than
conventional GIC. 10 Recently, bulk-fill resins were
introduced in the market employing new formulations
of composite resin 11 to be used in posterior teeth in
a single increment with curing depths up to 4mm or
5mm with minimal polymerization contraction. 12
Similar survival outcomes have been reported for
conventional composite resins and single-increment
restorations in permanent teeth after 1 to 3 years of
follow-up. 13 Recently, a systematic review found no
significant differences between RMGIC and composite
resin, in addition to showing that conventional GIC
presented the highest risk of failure compared to
all other conventional restorative materials used. 14
However, no studies that evaluated encapsulated
RMGIC and bulk-fill resins or studies with toddlers
were included.
The use of encapsulated RMGIC could be
advantageous not only because of the increase in
tensile strength, but also due to the lower probability
of error during spatulation, ease of application and
better control of working time. On the other hand,
the possibility of applying bulk-fill resins in a single
increment can be particularly useful in posterior
restorations where the time is a cause for concern,
as in the case of younger, uncooperative, anxious
toddlers, as well as patients with special needs. 15
Although recent studies have evaluated the clinical
performance of high viscosity GIC and bulk-fill resins
in primary molars, they present methodological and
conceptual particularities, such as pragmatic trials16 or
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no direct comparison of RMGIC and bulk-fill resin in
the same patient. 17,18
Therefore, the aim of this study was to develop
a double-blind, split-mouth, randomized clinical
trial protocol to evaluate the efficacy of occlusal
restorations in RMGIC and bulk-fill resin in primary
molars with untreated early childhood caries in
toddlers. The secondary aims were:
(i) to compare the survival of the restorations 1, 6,
12, 18 and 24 months of follow-up;
(ii) to evaluate the post-operative sensitive between
restorations;
(iii) to compare the cost-efficacy of treatments; and
(iv) to assess the operator’s preference in relation
to one of the treatment options.

MATERIALS AND METHODS.
The present randomized clinical trial protocol is
described according to the Standard Protocol Items
for Reporting in Trials (SPIRIT). (Figure 1)
Ethical issues
This protocol received approval from the
Human Research Ethics Committee of the Federal
University of Minas Gerais (UFMG), Brazil (CAAE:
12891619.7.0000.5149) and was registered with the
Brazilian Registry of Clinical Trials (ReBEC) (http://
www.ensaiosclinicos.gov.br) (UTN number: U11111239-2847). The study will be conducted at the
Faculty of Dentistry of Federal University of Minas
Gerais. A signed informed consent form will be
obtained from the parents/guardians of the toddlers
before participating in the study. All participants will
be coded by a number to guarantee the confidentiality
of the information.
Study design
The present study is a protocol for a double-blind,
split-mouth, randomized clinical trial. By testing both
materials on the same patient, both restorations will
be submitted to the same dietary conditions, saliva,
oral hygiene habits, masticatory efforts and toddler's
behavior, which decreases the influence of bias and
confounding factors. 19
The restorative procedures will be performed by a
single operator aided by two assistants. The operator
will receive instructions on selective removal of
carious tissue, 9 as well as will perform a pre-clinical
3

activity for technical training on the use of restorative
materials, strictly in accordance with manufacturers
recommendations. The restorations will be evaluated
longitudinally by two examiners properly calibrated to
the evaluation criteria, and who will be unaware of the
research objectives. Toddlers and parents/guardians
will be blinded to the procedures, since it will not be
discussed directly with them on which teeth each
restorative material will be placed. In addition, toddlers
under 36 months of age hardly have cognitive ability to
understand this differentiation. 20 For the analysis, the
statistician will be blinded to the groups and outcomes
through coding (restoration 1 and restoration 2).
Sample calculation
The sample size was calculated based on the survival
rate of the restorations with a statistical power of
80% and a significance level of 5%. A 98.3% survival
rate for RMGIC was considered 21 and an absolute
difference of 15% between survival rates between
resin-modified GIC and bulk-fill resin in a two-tailed
hypothesis, resulting in a minimum sample of 49
patients. It was added 20% to the calculation result to
predict possible loss of follow-up, totaling 59 patients
to be recruited.
Selection of patients
Participants in this study will be selected from among
all healthy toddlers who are under treatment or on
the waiting list for care at the Faculty of Dentistry of
UFMG, Brazil. All toddlers up to 36 months of age who
present at least two cavitated dental caries restricted
to the occlusal surface in primary molars detectable
in dentin, characterized as medium and deep lesions, 9
being one lesion on each side of the mouth (right and
left), will be eligible for this study. Besides that, the
selected tooth has to present its antagonist. Only
toddlers whose parents/guardians sign the informed
consent form will be included. No additional incentives
for participants to join the study will be provided. Even
toddlers with uncooperative behavior will be included
in this study, since this behavior is common in clinical
practice in Pediatric Dentistry. 16
Toddlers whose carious lesions are affecting
the pulp chamber or at risk of pulp exposure, who
present fistula or abscess, pulp exposure, history of
spontaneous pain or tooth mobility associated with
decayed teeth will be excluded. In addition, molar
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teeth with other restorations, enamel defects or
endodontic treatment that present carious lesions
associated with an existing restoration or that do not
stabilize the clamp for absolute isolation will also be
excluded.
Clinical examinations
The clinical examinations will be performed at the
Pediatric Dentistry Clinic of UFMG, with the toddler
lying in a dental chair and the teeth will be evaluated
under artificial light. Initially, the visible plaque index
and the gingival bleeding index will be evaluated.
For the visible plaque index, teeth in the process of
eruption and with partially destroyed crowns will be
excluded. The gingival bleeding index will be evaluated
by the number of bleeding points after flossing the
gingival sulcus of all teeth.
Then, prophylaxis will be done so that the teeth are
examined clean. For clinical examinations, the teeth
will be assessed, cleaned and dried. To evaluate the
presence of dental caries, the International Caries
Detection and Assessment System (ICDAS II) will
be used. 22 The ICDAS II score system ranges from 0
(healthy tooth) to 6. Scores 1 and 2 are used for white
spot lesions, while scores ≥3 determine different
degrees of cavitation. 22
The clinical consequences of untreated dental
caries will be measured using the pufa index. 23
Interproximal radiographs on the right and left sides
will be performed in all patients to assist in the correct
diagnosis of the presence, extension and depth of
dental caries lesions. All procedures will strictly follow
international biosafety principles.
Sociodemographic data
Data about the toddlers sociodemographic
conditions will be collected from a questionnaire to
be answered by the parents/guardians, based on a
previous study. 24 The toddler's age and sex, parental
marital status, age of mother and father, parental
educational level, number of siblings, monthly family
income, the number of people that live with the
same income and who is the primary caregiver of the
toddler will be collected. Parents will receive a threeday dietary diary to determine each toddler's index of
sucrose consumption.
Randomization
The randomization will be carried out through:

https://www.randomization.com by a researcher blinded to the study. Sequentially numbered sealed
envelopes will be used. Each envelope will have the
type of restorative procedure (RMGIC or bulk-fill
resin) and the corresponding side that will receive
the procedure (right or left). In addition, the order in
which the restorations will be carried out will also be
randomized.
Study groups
The teeth of the toddlers will be randomly divided
into two groups:
Group 1 (Control): encapsulated RMGIC restoration with Riva light cure (SDI, Florida, USA);
Group 2 (Test): Filtek bulk-fill composite resin
restoration (3M/ESPE, St. Paul, USA) with universal
single bond adhesive system (3M/ESPE, St. Paul, USA).
Interventions
All restorative procedures will be carried out after
prophylaxis. Local anesthesia (lidocaine 2% with
epinephrine hydrochloride 1: 100,000 IU) will be
used to decrease the discomfort caused by putting
the clamp for absolute isolation, preceded by topical
anesthesia (benzocaine 200 mg/g, DFL, Rio de Janeiro,
Brazil). Participants will be subject to interventions
on two different occasions. In each appointment, the
removal of decayed tissue and restoration of only one
tooth will be held. Clinical parameters related to dentin
texture and color will be used to guide the removal of
decayed tissue. 9 In medium depth lesions, selective
removal will be carried out, maintaining a dentin of
firm consistency over the pulp, while in deep lesions,
a layer of decayed tissue with a "soft" consistency will
be left to avoid exposure and "stress" to the pulp. The
surrounding walls in both lesions will have the decayed
dentin removed until dentin is of firm consistency to
ensure a good seal and survival of the restoration. 9
Thus, after the removal of decayed tissue, the cavity
will be measured using a millimeter-periodontal probe.
All restorations will be done under absolute isolation.
Group 1: The cavity conditioning will be done with
Riva Conditioner (SDI, Florida, USA) for 10 seconds
followed by abundant washing with water. The excess
of water will be removed carefully to not completely
dry the tooth surface. Subsequently, the capsule
will be activated and placed in a compatible mixer
(4000rpm -48000rpm) and agitated for 10 seconds.
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The capsule will be positioned in the Riva applicator for
application in all cavities, followed by photo activation
for 20 seconds with a device with visible light intensity
(470 nm wavelength). Finally, the restoration will be
superficially covered with Riva Coat (SDI, Florida,
USA) to minimize syneresis and imbibition. Parents/
guardians will be informed that the toddler should not
expose the restoration to masticatory forces for at
least 1 hour after the procedure.
Group 2: A layer of universal adhesive system
(3M/ESPE, St. Paul, USA) will be applied in the
cavity, with scrubbing, for 20 seconds, followed by
the application of compressed jet air for 5 seconds
and photo activation for 10 seconds with visible light
intensity (470nm wavelength). Then, the Filtek bulkfill composite resin (3M/ESPE, St. Paul, USA) will be
applied in a single increment of up to 4mm, followed
by photo activation during 20 seconds of each dental
surface.
Possible occlusal interferences will be checked, and
occlusal adjustments will be made with fine-grained
diamond burs number 3118F (KG Sorensen, São
Paulo, Brazil) in high rotation under refrigeration. All
patients will also receive guidance with their parents/
guardians about healthy dietary and oral hygiene
habits. If any sign or symptom of allergy to any of
the components of dental materials is diagnosed, the
procedures will be interrupted and the necessary care
will be immediately provided to the patient, who will
be excluded from the research.
Evaluation of post-operative sensitivity
Possible sensitivity was hypothesized in patients
undergoing restorations. As a result, post-operative
sensitivity has become an interesting variable to be
evaluated. Therefore, the Brazilian version of the
Dental Discomfort Questionnaire (DDQ-B) 25 will be
used. The DDQ-B is a proxy instrument for children
from 0 to 5 years old and it uses a 3-point scale
to choose the frequency of each behavior (never,
sometimes or always) for the following: “bites with
back teeth instead of front teeth”; “cry during meals”; "has
trouble for chewing"; “chew only on one side”; "suddenly
cry at night". Higher scores indicate higher perception
of pain. The questionnaire will be applied before
and 24 hours after each appointment for response
comparisons.
5

Follow-up
All evaluations will be performed by two trained
and calibrated examiners (Kappa >0.70). Toddlers
will return for follow-up at 1, 6, 12, 18 and 24 months
after the restorative procedures for the evaluation of
the restorations according to Roeleveld et al. 26
The width and depth of marginal defects, the
surface wear and the excess or lack of material will
be measured with a CPI ball pointed periodontal
probe. Parents/guardians will be encouraged to bring
their children for the follow-up at defined periods,
which coincide with routine preventive maintenance
evaluation adopted at the Pediatric Dentistry Clinic
of UFMG. Thus, researchers expect to retain patient
participation until the follow-up period proposed in
the research is completed.

RESULTS.
The main outcome of this study will be the survival
of RMGIC and bulk-fill composite resin restorations.
Survival of restorations: Survival will be evaluated
1, 6, 12, 18 and 24 months after the treatment by two
trained and calibrated examiners. Intact restorations
and those with small failures that receive scores from
00 to 10 will be considered successful. 26 The restored
teeth that receive scores between 11 and 40 will be
considered as failures;
Post-operative sensitivity
The sensitivity will be evaluated before and after
the treatments using the DDQ-B25;
Cost-efficacy
The cost-efficacy ratio will be used. The ratio among
the difference between the costs of implementing
the different restorative treatments and the difference between the effects will be calculated for
each material. The mean cost per treatment will be
quantified for both groups. For the calculation of
direct costs, the prices of materials that will be used
in each procedure will be considered. To calculate the
professional cost, the time spent in each appointment
will be calculated, and a conversion in hours will be
done and multiplied by the dentist's medium income
per hour, as reported by the Ministry of Labor and
Employment (US $ 36.23).
To estimate the cost of the procedure, the variable
cost, that includes the depreciation of electricity
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and equipment, and the costs of materials will be
considered. To calculate the depreciation of the
equipment (peripherals, dental chair and instruments),
the life span of five years and a monthly use of 160
hours will be considered, using an estimated hourly
value of US $ 1.81. The efficacy effects will be obtained
by evaluating the survival rate of the restorations.
Operator’s preference: The operator’s preference
will be evaluated through a questionnaire developed
specifically for this purpose containing questions about
the ease of execution of the restorative procedure,
considering the ease of applying and manipulation of
the material.

Statistical analysis
The data will be digitized and analyzed using
the Statistical Package for Social Sciences program
(SPSS for Windows, version 20.0; SPSS Inc., Chicago,
Ill., USA). Frequency distributions and descriptive
data analysis will be conducted. First, a normality
test will be performed to determine if the data are
normally distributed. Associations between toddlers
who showed or not failure in the restorations and
independent sociodemographic variables will be
tested by the chi-square test.
To compare the treatments and the survival of
restorations, Kaplan-Meier survival analysis and the

Figure 1. Flowchart of the randomized clinical trial protocol to evaluate the efficacy of occlusal restorations in RMGIC
and bulk-fill resin in primary molars with untreated early childhood caries in toddlers.

Enrollment

Inclusion criteria
- Toddlers ASA I up to 36 months of age. At least to medium or deep
cavitated dental caries restricted to the occlusal surface in primary
molars, being at least one lesion at each side of the mouth (right and
left). Toddlers whose parents/guardians sign the informed consent.
Exclusion criteria
- Toddlers with teeth affecting the pulp chamber or
at risk of pulp exposure.
- Toddlers with teeth presenting fistula/abscess,
history of spontaneous pain or mobility associated
with decayed teeth.
- Molar teeth with other restorations, enamel defects
or endodontic treatment.
- Teeth unable to stabilize a clamp for absolute
isolation.

Allocation

Randomization

Group 1 (Control)
Restoration with encapsulated resinmodified GIC [Riva light cure (SDI)].

Follow-up

Group 2 (Test)
Restoration Filtek bulk-fill resin with
universal single bond adhesive system
(3M/ESPE).

Outcomes
- Restoration survival
- Post-operative sensitivity
- Cost-efficacy
- Operator's preference
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Log-rank test will be used. The association between
survival of the restorations and the experience of
dental caries will be evaluated with Cox regression.
Factors associated with the survival of the restorations
will be evaluated by Poisson regression analysis.
Associations between the type of restoration and the
post-operative sensitivity will be evaluated by the
Mann-Whitney or Kruskal-Wallis test. The level of
significance considered for all data analyzed will be
set at 5%.

DISCUSSION.
The main objective of this study was to develop
a protocol of randomized clinical trial to evaluate
the efficacy of occlusal restorations of RMGIC and
bulk-fill composite resin with a single increment and
universal adhesive system in self-etching mode in
primary molars with untreated ECC in toddlers. The
present methodology was developed with rigorous
conditions to observe the behavior of the materials
under ideal conditions. In the current literature, only
one publication of a pragmatic clinical trial protocol was
found comparing the effectiveness of restorations with
bulk-fill resin on one or more surfaces with atraumatic
restorative treatment (ART) using conventional GIC.16
Another important aspect of this protocol is to test
the materials in toddlers up to 36 months, in which the
time and ease of application of materials is crucial for
treatment success. Due to this, no randomized clinical
trials or protocols similar to the purpose of this present
study were found, demonstrating its originality.
For being a randomized study, clinical conditions
must present the least number of possible external
influences and biases. Therefore, this protocol will
involve a clinical trial with a split-mouth approach.19
Although this may restrict the inclusion of patients
in the study, the intention is to place both types of
materials under the same conditions, reducing the
influence of other factors. In this way, it is believed that
a more accurate evaluation of the results can be made.
Gingival bleeding, visible plaque and pufa indices
will be applied during clinical examinations. Pufa
index assesses the clinical consequences of untreated
dental caries: pulpal involvement (p), ulceration due to
trauma from a sharp piece of tooth (u), fistula (f), and
abscess (a). 23 These indices will help in the definition of
7

individual caries risk assessment, which is the process
establishing the probability of an individual patient, or
groups of children, developing carious lesions over a
certain time period or the likelihood that there will be a
change in size or activity of lesions already present. 27,28
Only one trained operator will be responsible for
performing all restorations. With this strategy, it is
expected to minimize the divergence of techniques and
to increase the reliability of the procedures.
The dental surgeon will receive pre-clinical training
in artificial teeth to learn and improve the technique,
which is different for each material. The operator
must strictly follow the recommendations of each
manufacturer. During the appointments, two assistants
will aid the operator, recording time and contributing
to the toddlers protective stabilization, if necessary.
In long-term studies that establish different
treatments, it is important that blinding be incorporated
into the study design to minimize investigator
influences on the results and thus obtain valid results,
clearer interpretations and highly reliability studies. 29
Because of that, a double-blind study was chosen, in
which the patient and the statistician will be blinded.
This blinding will be important because it will ensure
parents/guardians provide the same care on both
sides of the mouth during their child's oral hygiene.
To eliminate any influence of the statistician in the
analysis of the results, the restorations will be coded
as 1 and 2 and will be revealed only after the analysis
of all data. The present clinical trial makes it impossible
for the operator and evaluators to be blinded due to
clear differences in visual aspects of the materials.
The bulk-fill composite resin was recently introduced
on the market and its main differential is the ease
technique of application as it can be used in a single
increment of up to 4 mm.15 In addition, is expected
that the use of a self-etching together with a single
increment approach will allow a faster approach, which
is very important in Pediatric Dentistry. It is known that
the physical properties of the RMGIC are influenced by
the mixing of the material, including its powder/liquid
ratio. 30 Therefore, to minimize the influences of manual
preparation, it was decided to use the encapsulated
RMGIC. In addition, absolute isolation will be used
in both techniques to prevent contact with the oral
environment, which would result in possible negative
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influences on the survival of the restorations.
The main outcome of the study will be to evaluate
the survival rate of the restorations, considering
the integrity of the materials. For this purpose, the
Roeleveld criteria 26 will be used, as in other studies.16,31
Since one of the main objectives of a restoration
is to protect the dentin-pulp complex and halt the
progression of the lesion,9 it is more interesting to
assess the survival of the restored teeth, considering
its importance for the child, than minor failures in the
restoration.16
Patient-centered outcomes provide means for
measuring intervention benefits/risks by evaluating
concepts related to how patients feel or function
with respect to their health, giving patients a voice
in research and health services. 32 Post-operative
sensitivity is an interesting patient-centered outcome
to be evaluated in this protocol, since it is expected
in patients undergoing restorations, mainly in bulk-fill
composite resin, although there is still no scientific
evidence on this subject. The B-DDQ 25 has already
been used to measure children's discomfort after
dental procedures 33 and, therefore, it is believed that
it will be possible to detect differences, even if slight,
between the restorative procedures.
The other secondary outcome that will allow
comparison between groups is the cost-effectiveness
of the restorations. It is important to analyze the
costs of materials and the average time to perform
the restorations, especially considering public health
policies in developing countries. 34 In addition, following
the principles of evidence-based dentistry, the best
treatment at the lowest possible cost should be offered
to patients. Therefore, it is expected that this study
should be able to establish which material is most costeffective for this type of intervention.
Finally, the operator’s preference will be evaluated
since the dentist is a fundamental piece to the success
of the dental treatment and his/her opinion about the
preference for one material should be considered.
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CONCLUSION.
In summary, the protocol will make it possible,
under ideal conditions, to determine the most efficacy
material for the restoration of cavities in cavities in
primary molars of toddlers.
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