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EVALUATION OF LONG-TERM RESULTS OF TWO DIFFERENT CALCIUM 

SILICATE BASED MATERIALS IN PRIMARY MOLAR TEETH VITAL 

PULPOTOMIES: AN INVIVO STUDY 

 

ABSTRACT 

Objectives: Pulpotomy is one of the pulp therapy for cariously exposed 

pulps in primary molar teeth. There are several materials that allows 

regeneration of the residual pulp. The purpose of this study was to evaluate 

the efficacy of two different calcium silicate based materials (ProRoot MTA, 

BIOfactor MTA) in primary molar teeth vital pulpotomies.  

Materials and Methods: A total of 12 children (24 human mandibulary 

primary second molar teeth) aged between 6 and 9 years were selected in this 

randomized clinical study. The patients were randomly assigned to receive 

the pulpotomy medicaments. All pulpotomized teeth were restored with 

stainless steel crowns and evaluated clinically and radiologically at 1, 3, 6 

and 12 months. Statistical analysis using chi-square test was performed to 

determine the significant differences between two materials.  

Results: Neither clinical nor radiographical differences were seen in 1st, 3rd 

and 6th months but in 12th month ProRoot MTA showed statistically better 

results in clinical evaluation (p=0.047).  

Conclusions: Both two calcium silicate based materials showed similar 

clinical and radiographical results by the end of 6th month but ProRoot MTA 

showed better results at the end of 12th month. 

Keywords: ProRoot MTA, BIOfactor MTA, pulpotomy. 
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INTRODUCTION 

At the present time, in spite of the reduction of 

dental caries prevalence in different parts of the 

world, this disease continues to be one of the 

major public health problems affecting many 

children and adolescents in its most severe form.
1-

3
 Primary teeth are important because of their 

function as a space maintainer for the permanent 

teeth below, stimulating the vertical development 

of the jaws with chewing movements, 

contributing to the nutrition, growth and 

development of the child, phonation and aesthetic 

functions. Therefore, preservation of the dental 

arch until the time of physiological fall is 

necessary in terms of permanent dentition and jaw 

development.
4,5

 If they leave untreated or 

extracted; decreased chewing function, loss of 

space, malocclusion formation, speech disorders, 

psychological disorders, surgical trauma, atypical 

language habits may occur. In order to avoid such 

problems, it is necessary to maintain the function 

of the teeth at the dental arch till they exfoliate.
6
 

 The structural and histological differences 

between the pulps of primary teeth and the pulses 

of permanent teeth affect the primary teeth pulp 

response to carious lesions and pulp therapies.
7
 

Pulpotomy is one of the most common therapy in 

primary teeth.  Pulpotomy therapy is defined as 

the process of removing the teeth of the infected 

tooth and removing the normal root pulp of the 

normally infected root pulp and maintaining the 

vitality and function of the tooth with a 

bactericidal agent. Clinicians have used different 

pulpotomy agents and methods, such as 

formocresol, a calcium silicate-based bioactive 

material, Ankaferd blood stopper, enamel matrix 

derivative, calcium hydroxide, zinc oxide and 

eugenol, sodium hypochlorite, glutaraldehyde, 

ferric sulfate, Portland cement, mineral trioxide 

aggregate (MTA), calcium hydroxide and 

iodoform, electrosurgery, and laser therapies.
8, 9

 

The ideal agent or method for amputation 

treatment of primary teeth has not yet been 

determined.
10

 

 MTA has been recognized for its high 

success rate in clinical and radiological 

examinations in conservative pulp therapies. 

However, the MTA has a long curing time and 

requires moisture during hardening, its 

manipulation is difficult. Therefore, researchers 

continue to research to improve the physical 

properties of materials.
10

 

 A new type of MTA, BIOfactor MTA 

(Imicryl Dental, Konya, Turkey), has recently 

been introduced on the market to be used for pulp 

capping, pulpotomies, apexification, root end 

filling, apical plug procedures and root perforation 

repairs. This cement can be prepared in a flowing 

or thickness, based on the treatment type. The 

manufacturer claims that BIOfactor MTA has a 

shorter setting time, finer powder for faster 

hydration, easier handling properties, stronger 

sealing, and that it does not cause tooth 

discoloration. Moreover, BIOfactor MTA seems 

to be a lower costing product. There is no 

difference between materials and methods during 

the use of both materials. Depending on the 

content of the materials, the mixing times vary.
10

 

 The new material BIOfactor MTA had never 

been tested in primary molar teeth with a long 

time period. Therefore, the aim of this study is to 

compare and evaluate the long-term results of the 

primary teeth vital amputations of two different 

calcium-silicate-based materials (ProRoot MTA 

and BIOfactor MTA) used in routine clinical 

practice. 

MATERIALS AND METHODS  

Ethical approval was obtained from Sivas 

Cumhuriyet University Clinical Research Ethics 

Committee (2017-07/35) and the study was 

conducted at the Faculty of Dentistry, Department 

of Pediatric Dentistry, Sivas Cumhuriyet 

University. The clinical procedure, associated 

risks, and benefits were fully explained to the 

parents of the participants and written consent to 

participate was obtained before the procedure. 

Sample Size Calculation  

Sample size was performed under the assumption 

of studies that have resemble to our study.
9, 11, 12

 

Accepting α = 0.05, β = 0.10, (1-β) = 0.90 a total 

of 24 subjects are necessary (12 in ProRoot MTA 

group and 12 in BIOfactor MTA group). The 

power of test was found 0,90169. The study was 
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performed on 24 mandibulary, carious primary 

second molar teeth of 12 patients (7 girls, 5 boy), 

aged between 6 and 9 years (in the mind of 

starting root resorption age according to Logan 

and Kronfeld)
13

 assigned into two groups that 

included ProRoot MTA and, BIOfactor MTA 

allocating 12 teeth in each group using simple 

lottery method. 

 Intra- and extraoral examinations of patients 

were performed before the treatment and their 

initial radiologic examinations were performed. 

 Patients who had no disease, such as 

congenital or rheumatic heart disease, leukemia, 

allergic reactions to substances, such as local 

anesthetics and latex, who did not require general 

anesthesia and sedation, and who had good 

individual and family cooperation were included 

in the study. 

 The teeth requiring pulpotomy were selected 

based on the inclusion criteria: deep cavity lesions 

that exposed vital pulp during the removal of 

caries; no history of spontaneous or nocturnal 

pain; absence of clinical symptoms such as 

swelling, fistula, tenderness of the percussion or 

palpation, pathologic mobility; those in which 

hemostasis was achieved within 5 minutes during 

clinical procedure; and the presence of two-thirds 

of the root length radiographically. No 

radiographic evidence of pulp degeneration, such 

as internal or external root resorption, furcal 

radiolucency, interradicular or periapical bone 

destruction, or pulp stones. 

 The 24 teeth that were considered according 

to the abovementioned criteria were randomized 

into two study groups. In the first group, ProRoot 

MTA pulpotomy was performed on 12 teeth and 

BIOFactor MTA pulpotomy was performed on the 

rest in the second group. 

Treatment Procedures 

After performing topical anesthesia by lidocaine 

spray, regional anesthesia was administered by 

Maxicaine D-S (Maxicaine, Vem İlaç, Ankara, 

Turkey). All cavity lesions were removed and an 

access cavity was prepared under the isolation of 

rubber dam. A low-speed sterile round bur 

(No.12, No.18) and excavator were used for 

removing coronal pulp. Sterile cotton pellets 

moistened with sterile saline were placed over the 

pulp stumps and was applied with a light pressure 

for 5 minutes. All pulpotomy procedures were 

performed by one pediatric dentist. 

 After the bleeding control is achieved, one of 

the treated pulps of the teeth will be applied to the 

ProRoot MTA (Dentsply Tulsa Dental, Tulsa, 

OK, USA) and the other to the BIOfactor MTA 

(Imicryl Dental, Konya, Turkey)(Table 1).  

Table 1. Compositions of MTAs 

Material Composition 

BIOfactor MTA 

Liquid: Demineralised water, 1-5% hydrosoluble polymer for gelling 

effect and reology. 

Powder: Tricalcium silicate,dicalcium silicate and tricalcium aluminate 

calcium sulphate hemihydrate.Ytterbium Oxide for radiopacity.There is 

no Bizmuth due do discoloration of tooth 

ProRoot MTA 

Liquid: Distilled water 

Powder: Calcium silicate, calcium sulfate, tricalcium aluminate, calcium 

oxide, iron oxide, and bismuth oxide 

 MTA was prepared according to the 

manufacturer's instructions by mixing MTA 

powder with distilled water in a 3:1 ratio and pulp 

stumps were covered. The MTA condensed 

lightly with a moistened cotton pellet. Resin-

modified glass ionomer cement (Vitrebond 3M 

ESPE, Seefeld, Germany) was placed to fill the 

pulp chamber. The teeth were restored with 

stainless steel crowns (3M ESPE, Dental 

Products, St. Paul, MN, USA) and cemented with 

glass ionomer cement (Meron® Voco, Cuxhaven, 

Germany). The reason we cover with stainless 

steel crowns is to prevent possible microspheres.  

Evaluation of Pulpotomy Treatment and 

Stainless Steel Crown (SSC) Application 

After applying SSC, the first radiographs were 

taken and the patients were recalled for clinical 

and radiographic evaluation after 1, 3, 6 and 12 
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months. Clinical and radiological evaluations 

were performed independently by two 

experienced pediatric dentists. The teeth were 

considered successful if they had no symptoms of 

palpation–percussion sensitivity, spontaneous 

pain, hot–cold sensitivity, presence of fistula as 

welling, pathologic mobility, internal–external 

resorption, periapical/interradicular bone 

destruction, disintegration of the lamina dura, 

enlargement of the periodontal space, and 

radiological calcific metamorphosis. 

 

 

Statistical evaluation  

The data obtained from our study were loaded into 

SPSS (22.0) program and chi-square test was 

performed to determine the significant differences 

between two materials. A P value <0.05 was 

considered statistically significant. 

RESULTS 

12 children were participated to this study and 

58.33% were girls (n=7), and 41.67% were boys 

(n=5). 

 Radiological and clinical evaluation of 

ProRoot MTA and BIOfactor MTA (1-12 months) 

were shown on Table 2. 

Table 2. Radiological and clinical evaluation of ProRoot MTA and BIOfactor MTA (1-12 months) 

 Radiographical Evaluation  Clinical Evaluation 

Recall Periods/Materials Success (n)   Failure (n) Success (n)   Failure (n) 

1. Month    ProRoot MTA 

                    BIOfactor MTA 

   12 

   12 

     12           

     12 

3. Month     ProRoot MTA 

                    BIOfactor MTA 

 

   11                1                  

    9                 3                  

                                   p=0.295 

     12               0        

     10               2 

                                       p=0.239 

6. Month     ProRoot MTA 

                    BIOfactor MTA 

 

   11                1    

    8                 4 

                                   p=0.158 

     12               0 

      9                3 

                                       p=0.109 

12. Month   ProRoot MTA 

                    BIOfactor MTA 

 

   10                2    

    7                 5  

                                   p=0.185 

     12               0 

     8                 4 

                                     *p=0.047  

*  p<0.05 

 There were no significant differences at the 

end of the 1
st
 month and both two groups showed 

no failure. 

 At the end of 3
rd

 month, ProRoot MTA 

showed 1 radiographical failure and BioFactor 

MTA showed 3 radiographical and 2 clinical 

failure but that remained no statistically 

differences.  

 ProRoot MTA showed 1 radiographical 

failure and BioFactor MTA showed 4 

radiographical and 3 clinical failure at the end of 

6
th
 month and there no significant differences.  

 At the end of 12
th 

month ProRoot MTA 

showed 2 radiographical failure and BioFactor 

MTA showed 5 radiographical and 4 clinical 

failure and ProRoot MTA showed statistically 

better results in clinical evaluation (p=0.047). 

 

 

DISCUSSION 

Pulpotomy is a routine procedure in pediatric 

dentistry for asymptomatic primary molar teeth 

that have been exposed with caries. The aim of 

this procedure is to amputate the infected coronal 

pulp tissue and cover the vital radicular pulp 

tissue using an agent such as biocompatible, non-

irritating, impermeable and also bioinductive. 

With the development of materials that have all 

these properties, the research for pulpotomy 

agents has expanded. One of these materials that 

have been used in routine in clinics is MTA.
14

 

This clinical trial was conducted to evaluate the 

effects of the use of two different calcium silicate 

based materials as ProRoot MTA and BIOfactor 

MTA as pulpdressing agents during pulpotomies 

of primary molars. 

 The manufacturer of BIOfactor MTA claims 

that the new MTA has easier handling properties, 

a finer powder for faster hydration, stronger 
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sealing and a shorter setting time, and that it does 

not cause tooth discoloration. Additionally, 

BIOfactor MTA seems to be a lower costing 

product. In this present study, we aimed to 

evaluate as a novel type of calcium-silicate based 

cements called BIOfactor MTA compared to a 

well-known and an overworked material as 

ProRoot MTA on the clinical and radiological 

success in primary molar pulpotomies. The results 

of this study showed that there was no statistically 

significant differences between two MTAs in 1., 

3. and 6. Months of follow-up however ProRoot 

MTA found successful when compared to 

BIOfactor MTA in 12. Months clinical follow-up. 

 There are numerous studies have evaluated 

on the clinical and radiological success of 

different types of MTA in pulpotomy and showed 

that all types of MTA had good results.
15-20

 Both 

MTA Angelus and ProRoot MTA had 

significantly greater clinical and radiographic 

success rates compared to calcium hydroxide 

following pulpotomy in primary molar teeth.
21,22

 

No significant difference was found between two 

different MTAs such as white and gray 

ProRootMTA as pulpotomy agents in primary 

teeth.
23,24

 In this study, ProRoot MTA and 

BIOfactor MTA have also high clinical and 

radiological success rates.  

 Celik et al.
21

 evaluated of clinical and 

radiological success of ProRoot MTA and MTA 

Angelus and revealed that ProRoot MTA had high 

clinical (for ProRoot MTA 98% - for MTA 

Angelus 96%) and radiological (for ProRoot MTA 

98% - for MTA Angelus 691) success rate  in 24-

months follow-up despite of there were no 

statistically significant differences. Our findings 

are in agreement with this previous research that 

revealed no statistically significant differences  

between ProRoot and BIOfactor MTA in first 6 

months. However, in 12 months follow-up, 

ProRoot MTA had statistically significant higher 

clinical (for ProRoot MTA 100% – for BIOfactor 

MTA 66.6%) and radiological (for ProRoot MTA 

83.3% – for BIOfactor MTA 58.3%) success rates 

than BIOfactor MTA (p<0.05).  

 There were four clinical failures that all in 

BIOfactor MTA group. The failures in this present 

study involved gingival swelling, which has long 

been considered a clinical failure after a primary 

molar pulpotomy treatment.
17,25,26

 However, the 

molars suffering from gingival swelling could 

cause by lack of oral hygiene and accumulation of 

dental plaque around the stainless steel crowns or 

a combination of these two factors. The BIOfactor 

MTA has some different component like 

ytterbium oxide, which added in the cement as a 

radiopacifier agent, unlike ProRoot MTA. This 

chemical composition differences could cause by 

changing the cement's penetration into the dentin 

tubules that due to leakage. The effects of 

different chemical composition in the calcium 

silicate-based material on the material's 

physicochemical properties are unknown. Further 

studies are required to determine the results of 

these changings.  

 There were two radiological failures in 

ProRoot MTA group which did not shown as a 

clinical failure finding on the evaluated samples. 

In this study, these examined primary molars 

remained asymptomatic during 12 months follow-

up. In BIOfactor MTA group, there were five 

radiological failures which the same four molars 

of these radiologically failured five were shown as 

a clinical failure finding. The inconsistincy of 

these findings in BIOfactor MTA group could be 

caused by the decision of the clinical observer’s of 

the study which was the tooth without clinical 

failure findings could be delayed for extraction. 

The reasons for radiological failures should be 

histologically evaluated, which is one of the 

shortcomings of the study. 

 One of the limitations of this study is the 

setting time. Setting time is a crucial factor for 

these materials. There a lot of study that compared 

the setting time of calcium silicate based 

materials, but there is no consensus about the 

initial time and final curing time.
27

 Long setting 

times are bringing many problems and researches 

are trying to overcome with this problem.  

Haghgoo and Abbasi
28

 declared that when MTA 

was not condensed evenly, and the ratio of 

powder to liquid, temperature and air entrapped 

into the mass, can affect the form of the material 
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and these factors may have affected the outcome 

of our study. 

 One of the limitations of this study is the 

small sample size, therefore these results should 

be done with a large number of participants and 

with an increased follow-up period. 

CONCLUSIONS 

Two calcium silicate based materials showed 

similar clinical and radiographical results by the 

end of 6th month but ProRoot MTA showed better 

results at the end of 12th month. 
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