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ABSTRACT

Objective: Pulpotomy in deciduous teeth maintains the integrity and health of deciduous teeth and supporting tissues until a permanent 
tooth has erupted. PBS HD CIMMO® cement was evaluated in deciduous teeth pulpotomies as base material and restoration. A 
randomized clinical trial was performed. Methods: This study was approved by the Ethics Committee of (Universidade Vale do Sapucaí) 
UNIVÁS with Certificate of Presentation for Ethical Consideration, protocol number is: 1.771.929. 60 deciduous molar teeth from 
32 healthy children were selected. These teeth were divided into two groups: G1 with 30 teeth, in which the classictreatment with 
formocresol was used, and G2 with 30 teeth, in which PBS HD CIMMO® cement was used as base and simultaneous final restoration. 
The evaluation was performed 12 months after the intervention through clinical and radiographic exams. Fisher’s exact test was 
performed to correlate the clinical and radiographic aspects in both groups. Results: There was no significant difference (p= 0.090) 
in the clinical-radiographic evaluation. PBS HD CIMMO® cement is option to be used as a single element in pulpotomies of deciduous 
teeth. Conclusion: Longitudinal studies should be performed in order to demonstrate a significant association between these groups. 
The study was enrolled in clinical trials (clinical trials.gov) with registration NCT03200938.

Indexing terms: Pediatric dentistry. Pulpotomy. Biocompatible materials.

RESUMO

Objetivos: A pulpotomia em dentes decíduos mantém a integridade e a saúde dos dentes decíduos e dos tecidos de suporte, até 
a erupção de um dente permanente. O cimento PBS HD CIMMO® foi avaliado em pulpotomias de dentes decíduos como material 
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de base e restauração. Um ensaio clínico randomizado foi realizado. Métodos: Este estudo foi aprovado pelo Comitê de Ética da 
Universidade Vale do Sapucaí, UNIVÁS, com Certificado de Apresentação para Consideração Ética, número do protocolo: 1.771.929. 
Foram selecionados 60 dentes molares decíduos de 32 crianças saudáveis. Esses dentes foram divididos em dois grupos: G1 com 30 
dentes, no qual foi utilizado o tratamento clássico com formocresol e G2 com 30 dentes, no qual o cimento PBS HD CIMMO® foi 
utilizado como base e restauração final simultânea. A avaliação foi realizada 12 meses após a intervenção através de exames clínicos e 
radiográficos. O teste exato de Fisher foi utilizado para correlacionar os aspectos clínicos e radiográficos nos dois grupos. Resultados: 
Não houve diferença significativa (p = 0,090) na avaliação clínico-radiográfica. O cimento PBS HD CIMMO® é uma opção para ser 
usado como um elemento único em pulpotomias de dentes decíduos. Conclusão: Estudos longitudinais devem ser realizados para 
demonstrar uma associação significativa entre esses grupos. O estudo foi inscrito em ensaios clínicos (Clinical Trials.gov) com o registro 
NCT03200938.

Termos de indexação: Odontopediatria. Pulpotomia. Materiais biocompatíveis.

INTRODUCTION

Pulpotomy in deciduous teeth consists of removal 
of the coronary pulp due to extensive carious process 
without evidence of root pathology. The etiology of 
exposure determines pulpal response, making it crucial to 
distinguish between mechanical and carious exposures. The 
carious exposure is resumed to be accompanied by severe 
inflammation, which makes the prognosis of treatment 
unpredictable. Biomaterials can be used especially in cases 
with carious pulp exposures [1]. The primary purpose 
of pulpotomy is to maintain the integrity and health of 
deciduous teeth and supporting tissues until a permanent 
tooth has erupted. In this technique, the remaining pulp 
is maintained with vitality and is free of any pathological 
alterations [1-3].

Formocresol (FC), idealized by Buckley in 1904, 
is considered the gold  standard product due to its 
bacteriostatic and fixative properties and is the agent 
most frequently used in pulpotomy [3]. However, FC 
is composed of formaldehyde, which has mutagenic, 
carcinogenic action and cresol, which is a caustic agent. 
Cements, such as zinc oxide and eugenol, are used due 
to the absence of a material with bio-compatible and 
bioactive properties, which can be installed directly on the 
exposed wound on the entrance of the root canals [4]. 
The occurrence of internal resorption may be attributed 
to the use of zinc oxide and eugenol (ZOE) as a sub-base, 
since the eugenol is irritant and may cause a subclinical 
chronic inflammation. Moreover, other factors are related 
to this alteration, such as inadequate bleeding control 
and clot formation, as well as improper restorations with 
failed sealing, allowing bacterial infiltration and pulp 
inflammation [5]. The objective of this study was to use in 
pulpotomies of deciduous teeth, cement not yet used for 
this indication.

The advent of biological cements signaled a new 
era in odontology. These cements are biocompatible and 
bioactive alternatives for use in procedures in which a 
conventional technique is limited [6,7]. The biological 
cements exclude the use of drugs, such as formocresol, 
summarizing the technique in the removal of the coronary 
pulp, hemostasis and cement installation. MTA (mineral 
trioxide aggregate), Biodentine TM (Septodont, St. Maur 
des Fosses) and PBS HD CIMMO® cement are several 
examples of bioactive cements [6-8].

Recent studies determined the development 
of biological cement with the same base as MTA and 
Biodentine, but with additives (natural elements responsible 
for the increase of cement resistance) and without 
radiopacifier, an element that interferes with the resistance 
of cement, which is an important requirement, owing to 
the masticatory forces. This cement is the PBS HD CIMMO® 
[6,7,9-11]. The physical and biological properties of this 
cement justify its use in pulpotomies of deciduous teeth. 

METHODS 

This report describes a two-armed randomized 
clinical trial with an allocation ratio of 1:1, which was 
approved by the Ethics Committee of UNIVÁS protocol 
number is: 1.771.929. The trial was registered at 
ClinicalTrials.gov (NCT03200938). The study locations 
were the Universidade Vale do Sapucaí (UNIVAS) Pouso 
Alegre, Minas Gerais, Brazil, and Universidade Vale do Rio 
Verde (UNINCOR) Três Corações, Minas Gerais, Brazil.

A sample size of 60 teeth (30 per group) was 
calculated, assuming 90% statistical power for detection. 
This sample size was calculated based on the proportion 
of 71% successful pulpotomy treatment with formocreso 
[12], considering an expected proportion of success of 
90% for treatment with PBS HD CIMMO® [6, 7, 9, 10, 
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11]. A recent study determined that the combined success 
rate for all pulpotomies was 82.6 percent based on 1,022 
teeth. Mineral trioxide aggregates (MTA) (89.6 percent) 
and formocresol (FC) (85.0 percent) were the highest of all 
pulpotomy types and were not significantly different (P = 0.15), 
with high quality of evidence. “In this way, the possibility of 
using the bioceramic PBS HD, similar to the MTA, justifies the 
calculation of the sample [12].

Patients who met the inclusion and non-inclusion 
criteria and had provided signed informed consent (free 
and informed consent form) were eligible for the study. 
The sample consisted of 60 deciduous molar teeth from 
32 patients aged 3 to 8 years, of both sexes. The selection 
of the cases, the follow-up of the interventions and the 
preservations were carried out by the Teachers of the 
Pediatric Dentistry Clinic of UNINCOR. The treatments were 
carried out by students from the 8th period of dentistry. 
The selected teeth had indication for pulpotomy through 
anamnesis, clinical and radiographic examination.

The inclusion criteria for the teeth were: absence of 
spontaneous painful symptomatology in the preoperative 
period, evidence of healthy pulp and free from injuries, 
and hemostasis after the cut of the coronary pulp. The 
radiographic images of the selected teeth presented 2/3 of 
the root length, absence of hypodense interradicular lesion 
and internal root resorption. The exclusion criteria were the 
following patients who presented fistula in the periapical 
region of the tooth and radiographic images indicative of 
periapical lesions at initial examination.

The random allocation sequence was generated by 
the Random Excel 4.0® software (Microsoft Corporation, 
USA), and a service order was defined using a random 
number table classified from 1 to 60, with “1” being the first 
and “60” the last. The operators knew to which treatment 
group the treated tooth would belong at the time of care. 
When one patient had more than one deciduous molar 
to be treated, the allocation sequence was respected, and 
each tooth was treated in one session, being classified in 
G1 (Formocresol Biodinâmica Ibiporá, Brazil) and G2 (PBS 
HD CIMMO® Pouso Alegre, Brazil). 

The patients were anesthetized, Local anesthesia 
was used with 2% lidocaine and 1: 100,000 epinephrine 
(Novafarma Goiânia, Brazil), and the operative field was 
isolated. Removal of the carious tissue, opening of the pulp 
chamber and hemostasis were performed. In G1, irrigation 
was performed with physiological saline solution, after 

spontaneous hemostasis, the pulp chamber was dried 
with sterilized cotton and formocresol was applied with 
modified BUCKLEY formula (1904) modified by BERGER 
(1965) [12], consisting of 19% formaldehyde, 35% cresol, 
15% glycerol and water, for 5 minutes. Next, eugenol zinc 
oxide (IRM Dentsply® Petrópolis, Brazil) cement base was 
inserted and calcium hydroxide cement (Hidro C Dentsply® 
Petrópolis, Brazil). Composite resin (Charisma Kulzer® 

Heraeus Kulzer South America, São Paulo, Brazil) was used 
for the final restoration material. 

In group 2, irrigation was performed with sterilized 
distilled water because the cement PBS HD CIMMO® loses 
its properties in a saline solution. Excess blood and distilled 
irrigation water were aspirated through a disposable 
endodontic cannula (DFL® Rio de Janeiro, Brazil), under 
continuous vacuum suction. PBS HD CIMMO® cement 
was manipulated through a sterile glass plate and spatula 
(Duflex® Juiz de Fora, Brazil) and was later inserted with 
an amalgam port (Duflex® Juiz de Fora, Brazil) into the 
pulp chamber and condensed with a straight amalgam 
condenser (Duflex® Juiz de Fora, Brazil). 

The PBS HD CIMMO® cement was used as the 
base and, simultaneously, for final restoration (figures 1 
and 2). Figure 3 uses a flowchart to shows, in a simplified 
manner, the methods of use in both groups. 

The patients returned monthly for 12 months after 
pulpotomies. Clinical and radiographic exams were defined 
as results of treatments. In the radiographs, presence 
or absence of inter-radicular lesion was observed for a 
criterion defined as primary outcome. The radiographs 
were analyzed individually by the qualified researchers. In 
the clinical exams, the observed criteria were presence or 
absence of fistula and integrity of the restoration, which 
was defined as the secondary outcome.

The information collected from the questionnaires 
was transcribed into a database (Microsoft Excel® - 
Microsoft Corporation) and analyzed statistically with the 
support of the software SPSS® 20 for Windows (Statistical 
Package for Social Sciences) using the hypothesis test for 
two samples (Fisher’s exact test) for correlation of clinical 
and radiographic criteria using p≤0.05 for significance.

RESULTS

The present study consisted of 60 deciduous molar 
teeth of 32 patients. The teeth were randomly distributed 
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Figure 1. A) Manipulation of the cement PBS®CIMMO, B) Insertion of the cement into the cavity C) Condensation D) Final appearance of the cavity with the 

cement PBS®CIMMO, being base, overlay and restoration, E) Cement logo.

Figure 2. A) Initial radiographic aspect of element 85 with indication of pulpotomy. B) Final radiographic aspect of the element filled with PBS®CIMMO as base, 

overlay and restoration.

as 30 teeth for G1 (FC) and 30 teeth for G2 (PBS HD 
CIMMO®).During the study, 7 teeth from G1 and 3 teeth 
from G2 were excluded because of the need to perform 
pulpectomy, in which the pulp presented light red (inflamed 
pulp) or dark bleeding (tendency to necrosis), determining 
senile pulp conditions; teeth that presented necrosed pulps 
in the accomplishment of the coronary opening; patients 
who did not return for clinical procedures related to the 
study; and patients who did not cooperate or discontinued 

treatment during the clinical procedure. At the end of the 
data collection, after 12 months, the sample consisted of 
50 teeth; group 1 had 23 teeth, and group 2 had 27 teeth 
(CONSORT 2010 Flow Diagram).

There were 3 teeth considered as failure for 
group 1, and no teeth were considered as failure for 
group 2 (p= 0.090). Regarding the clinical aspects, the 
comparisons between the groups were analysis of the 
integrity of the restorations and presence or absence of 
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Figure 3. Flowchart of techniques in both groups.

fistula. G1 presented 3 teeth with damaged restorations 
and 3 teeth with fistula. The groups were compared with 
respect to the radiographic aspects: 3 teeth from group 
1 presented interradicular lesions. G1 had 3 failures, and 
group 2 had no failures. In a comparison of the two groups 
(table 1), there were no significant differences in scores 
between the two groups.

Table 1. Clinical and radiograph analysis of 50 teeth with the criteria: clinical examination (Fistula and restoration integrity) and radiographic examination 

(lesion), (p= 0,090).

               Fistula               Restoration Integrity                    Radiograph lesion

                Yes Not Yes Not  Yes Not

n % n % n % n % n % n %

Group
G1 3 13,00% 20 87,00% 20 87,00% 3 13,00% 3 13,00% 20 87,00%

G2 0 0,00% 27 100,00% 27 100,00% 0 0,00% 0 0,00% 27 100,00%

DISCUSSION

The premature loss of deciduous teeth can trigger 
a series of injuries, such as occlusion disorders, functional 
and aesthetic problems [13]. The most important factor in 
the success of the therapy that determines the removal of 
the coronary pulp is the maintenance of the vitality of the 
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Assessed for eligibility (n=60)

Excluded (n= 10)
ot meeting inclusion criteria (n=4)� N

Declined to participate (n=3)�
Other reasons (n=3)�

Randomized (n=50)

Follow-Up

Allocation

Lost to follow-up (Failure) (n= 3)
Discontinued intervention (give reasons) (n=0)

Analysed (n=23)
Excluded from analysis (give reasons) (n=0)�

Allocated to intervention (n= 27)
Received allocated intervention (n= 27)
Did not receive allocated intervention
(give reasons) (n= 0)

Lost to follow-up (Failure) (n= 0)
Discontinued intervention (give reasons) (n=0)

Analysed (n= 27)
Excluded from analysis (give reasons) (n= 0)�

Analysis

Allocated to intervention (n= 23)
Received allocated intervention (n= 23)�
Did not receive allocated intervention�
(give reasons) (n= 0)

Enrollment

CONSORT 2010 Flow Diagram

root pulp with the presence of adequate vascularization. 
This step is necessary for the formation and active function 
of odontoblasts until the subsequent natural eruption of 
permanent teeth [14-16]. Pulpotomy is one of the most 
widely accepted clinical procedures for the treatment of 
pulp exposed to deciduous teeth without symptoms due to 
the regenerative capacity of root pulp tissue after surgical 
amputation of the coronary pulp [16,17]. The present 
study based its conception and inclusion criteria on these 
concepts.

The techniques for performing pulpotomy of 
deciduous teeth are diverse and include electrosurgery and 
laser [19]. There are also pharmacotherapeutic treatments, 
such as formocresol, which is considered the gold standard [20, 
21], and glutaraldehyde, ferric sulphate [22, 23], lyophilized 
bone, bone morphogenic protein, osteogenic protein, 
enriched collagen solutions, fully synthetic nanocrystalline 
hydroxyapatite paste21 and biological cements [24, 25].

In the present study, the absence of signs and 
clinical and radiographic symptoms were observed in 47 
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teeth. There were three cases of failure for G1; these teeth 
presented interradicular lesions on the radiographs, fistulas 
and restorations without integrity.

The replacement of formocresol in vital pulp 
therapy of deciduous teeth by other material has become 
an emergency necessity. Formaldehyde present in the 
circulation can react with macromolecules, potentially 
causing mutagenic and cytotoxic changes in muscles, liver, 
kidney, heart, spleen and lung tissue, and formaldehyde 
is currently used by an alarming number of clinicians 
worldwide [23, 26, 27, 28, 29, 30]. The present study 
undertook a comparison of techniques. The FC technique 
was used as the control group, and the PBS HD CIMMO® 
was used as the intervention technique. This material was 
used shortly after removal of the coronary pulp; the four-
step technique was reduced to one; this cement is both 
therapeutic, due to the two properties (bioactivity and 
biocompatibility), as well as base and restoration (single 
material), as dispensed with the use of other materials [6, 7].

 The difficulties of the present study are related 
to the process of performing these treatments due to the 
physical and psychological aspects. The time of execution 
of the two techniques was measured: G1 required, on 
average, one hour and fifteen minutes per tooth to 
perform the entire procedure, while G2 took thirty-five 
minutes. G2 (PBS HD CIMMO®) optimized the execution 
time of the technique, which is relevant in relation to the 
decrease of the physical and emotional stress of the patient 
and the professional.

 The statistical analysis determined that there was 
no significance between G1 and G2 in the treatments 
performed; however, the possibility of presenting material 
that replaced the gold standard for pulpotomies of 
deciduous teeth using the cement PBS HD CIMMO® is 
determined by three situations: the bioactive action of 
the cement by the biocompatibility and bioactivity, not 
requiring such pharmacotherapeutics as FC, resistance 
of the cement, ability to be both base and restoration, 
presenting resistance to compression supporting the 
masticatory forces, and having alkaline pH, preventing 
microbial infiltration. All 27 teeth treated with PBS cement 
remained intact after 12 months of accompaniment, 
as defined in analyses of scores regarding clinical and 
radiographic success. 

PBS HD CIMMO® cement is considered an option 
to be used as base and restoration in pulpotomies of 

deciduous teeth. The present study facilitated the learning 
curve, with success being achieved in all cases performed. 
Furthermore, longitudinal studies should be performed 
to demonstrate a significant association between these 
groups. The PBS HD CIMMO® cement is considered an 
option to be used as a single element in pulpotomies of 
deciduous teeth.

CONCLUSION

The relevance of the present study is defined by 
the proposed protocol that  used cement with unique 
function in the pulpotomy, optimized and facilitated 
the procedure. The rehabilitation was due to cement 
properties, biocompatibility and bioactivity. The PBS HD 
CIMMO® cement is considered an option to be used as a 
single element in pulpotomies of deciduous teeth.
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