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Objectives: The aim of this study was to evaluate the efficacy of TheraCal PT and Biodentine pulpotomy 
treatments.  
Materials and Methods: This randomized research was conducted on 32 teeth (16 children) aged between 4 and 
9 years. Patients were randomly assigned to pulpotomy treatment groups. After pulpotomy treatments, all 
pulpotomized teeth were restored with stainless steel crowns and assessed clinically and radiologically at 1, 3, 6, 
and 12 months. The data were recorded and analyzed statistically.  
Results: The Biodentine and TheraCal PT groups showed 100% clinical success at the end of 12 months. While 
the Biodentine and TheraCal PT groups showed 87.5% radiographic success at the end of 3 months, the success 
rate was 81.3% for Biodentine and 50% for TheraCal PT. However, no statistically significant difference was found 
between the groups. At the end of 12 months, Biodentine showed 68.8% success, and TheraCal PT showed 0% 
success. Therefore, a statistically significant difference was revealed between the groups (p < 0.001). 
Conclusions: Thus, it was concluded that residual monomers of resin-based materials still cause problems in 
pulpotomy treatments. Pulpotomy treatments are the most known dental treatment in pediatric dentistry and 
this study compares the usage of a new calcium silicate cement, Theracal PT and gives an opinion about the 
usage resin based medicaments in pulpotomy treatments. 
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TheraCal PT ve Biodentine'in Süt Dişlerinde Pulpotomi Uygulamalarında 
Değerlendirilmesi ve Karşılaştırılması: Klinik ve Radyografik Bir Çalışma 
 

Araştırma Makalesi ÖZ 
Amaç: Bu çalışmanın amacı, TheraCal PT ve Biodentine’in pulpotomi tedavilerindeki etkinliğini değerlendirmektir. 
Gereç ve Yöntemler: Bu randomize araştırma, 4 ila 9 yaş arası 32 diş (16 çocuk) üzerinde gerçekleştirilmiştir. 
Hastalar rastgele pulpotomi tedavi gruplarına atanmıştır. Pulpotomi tedavilerinden sonra, tüm pulpotomi 
uygulanan dişler paslanmaz çelik kronlarla restore edilmiş ve 1, 3, 6 ve 12 aylarda klinik ve radyolojik olarak 
değerlendirilmiştir. Veriler kaydedilmiş ve istatistiksel olarak analiz edilmiştir. 
Bulgular: Biodentine ve TheraCal PT grupları 12 ay sonunda %100 klinik başarı göstermiştir. 3 ay sonunda 
Biodentine ve TheraCal PT gruplarında radyografik başarı oranı %87,5 iken, Biodentine için başarı oranı %81,3, 
TheraCal PT için ise %50 olarak bulgulanmıştır. Bununla birlikte, gruplar arasında istatistiksel olarak anlamlı bir 
fark bulunmamıştır. 12 ay sonunda Biodentine, radyografik olarak %68,8 başarı gösterirken, TheraCal PT %0 
başarı göstermiştir. Bu nedenle, gruplar arasında istatistiksel olarak anlamlı bir fark ortaya çıktı (p < 0,001). 
Sonuçlar: Rezin bazlı materyallerin artık monomerlerinin pulpotomi tedavilerinde hala sorunlara neden olduğu 
sonucuna varılmıştır. Pulpotomi tedavileri, pediatrik diş hekimliğinde en bilinen diş tedavilerinden biridir ve bu 
çalışma, yeni bir kalsiyum silikat çimento olan TheracalPT'nin kullanımını karşılaştırmakta ve pulpotomi 
tedavilerinde reçine bazlı ilaçların kullanımı hakkında bir görüş sunmaktadır. 
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Introduction 

 Maintaining the anatomical and functional forms of 
primary teeth until their exfoliation and the development 
of permanent teeth is among the primary goals of 
pediatric dentistry.1 One of the most common and widely 
accepted treatments in primary teeth is pulpotomy, which 
includes removing the coronal pulp, controlling 
hemorrhage, and treating the radicular pulp. There are 
multiple choices for pulpotomy at this stage, but 

formocresol has been one of the best medicaments for 
this procedure for years. However, the toxicity potential 
of formocresol has caused scientists to seek new materials 
for pulpotomy. In 2021, IAPD recommended MTA, 
Biodentine, and formocresol for pulpotomy, with a 
highlight on formocresol’s carcinogenic potential.2 
Biodentine and MTA were used as pulpotomy 
medicaments, but coloring, handling, and setting 
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problems were observed in the use of these 
medicaments.3 To overcome the disadvantages of MTA 
and Biodentine, Bisco launched a new calcium silicate-
based cement called TheraCal PT in 2019.4,5 TheraCal PT is 
a calcium releaser, an alkaline, biocompatible, double-
cured, resin-modified calcium silicate cement and is 
indicated for usage in the vital pulp. It is marketed to 
overcome some side effects of its predecessor, TheraCal 
LC, and to overcome coloring, handling, and setting 
problems of other calcium silicate cements. The main 
indication of TheraCal Pt is pulpotomy, and it is launched 
as favorable for the successful pulp therapy of pediatric 
patients.5   
 Hence the current research aimed to assess and 
compare the clinical and radiographic success of 
Biodentine and TheraCal PT pulpotomies in human 
primary teeth during 12-month follow-ups. 

Materials and Methods 

Ethical Approval and Sample Size Calculation 
Ethical approval for this study was received from the 

Clinical Research Ethics Committee of Sivas Cumhuriyet 
University (2021–01/01), and the research was carried out 
at the Faculty of Dentistry, Department of Pediatric 
Dentistry, Sivas Cumhuriyet University. Patients and their 
parents were informed about the procedure, its benefits, 
and risks and signed a written consent form. 
 By accepting α = 0.05, β = 0.20, and (1-β) = 0.80, a total 
of 16 patients were included (16 primary molar teeth in 
the TheraCal PT group and 16 primary molar teeth in the 
Biodentine group), and a simple lottery method was used 
for group assignment. A single pediatric dentist 
performed the treatments. The power of the test was 
found to be p=0.80248. 

 Patient Inclusion and Exclusion Criteria 
 After intraoral and extraoral examinations, patients 
were examined radiographically. Symmetric, lower 

primary first and second molars were preferred to 
evaluate the following control radiographs easily. Patient 
inclusion criteria were as follows: 

 Patients aged between 4-9 years and having at least 
two symmetric, asymptomatic, deep carious teeth 
among primary molars with no pain of irreversible 
pulpitis or hyperemia (excessive hemorrhage, pulpal 
bleeding color, pulp tissue appearance), 

 Patients with no systemic disease and no systemic 
allergic reactions, 

 Patients exhibiting positive or definitely positive 
behavior in accordance with the Frankl Behavior 
Rating Scale, 

 Patients, parents/legal guardians voluntarily agreeing 
to take part in the research and signing the informed 
consent form, 

 The absence of periapical pathology, 

 No external/internal resorption. 
 Patients who had a history of palpation tenderness, 
percussion or spontaneous pain, pathologic mobility, 
swelling, fistula, pulp necrosis, periapical or furcal 
radiolucency, internal/external root resorption, pulp canal 
obliteration, uncontrollable bleeding, and abnormal pulp 
degeneration were excluded from the study. 
 After local anesthesia with lidocaine (Xylocaine Pump 
Spray, AstraZeneca AB, Sweden), regional anesthesia was 
performed with Maxicaine D-S ampoule (Maxicaine, Vem 
İlac, Ankara, Türkiye) for the necessary jaw, and cavities 
were prepared under rubber dam isolation. After 
removing pulp tissue with a sterile excavator, bleeding 
control was done with moistened sterile cotton pellets by 
applying light pressure for 3-5 minutes.  
 After hemostasis, Biodentine (Septodont, France) was 
mixed and applied following the manufacturer’s 
instructions. The Biodentine application was controlled 
with a periapical radiograph, and stainless steel crowns 
were applied (Figure 1). 

 

 

Figure 1. a) Preoperative clinical view of the 2nd primary molar teeth, b) preoperative radiographic view of the 2nd 
primary molar teeth, c) providing hemostasis, d) Biodentine application, e) clinical view of the SSC application, f) 

radiographic view after the SSC application. 
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 During another appointment, after the same cavity 
procedures were applied to a symmetric side, TheraCal PT 
(Bisco Dental Products, USA) was applied following the 
manufacturer’s instructions and light cured with LED 
curing light for 20 s (Woodpecker, China). After a control 
periapical radiograph was taken, stainless steel crowns 
were applied (Figure 2).  
 Patients were recalled at 1, 3, 6, and 12 months for 
clinical and radiographic assessment. During control 

appointments, the teeth were evaluated as a clinical 
success if there was no symptom of spontaneous or 
provoked pain, percussion or palpation tenderness, 
pathologic mobility, swelling, and fistula. The teeth were 
evaluated as a radiographic success if there was no 
symptom of periapical radiolucency, internal and external 
resorption, furcal area radiolucency, and periodontal 
ligament widening.

 

 

Figure 2. a) Preoperative clinical view of the 2nd primary molar teeth, b) preoperative radiographic view of the 2nd 
primary molar teeth, c) providing hemostasis, d) TheraCal PT application, e) clinical view of the SSC application, f) 

radiographic view after the SSC application. 

 
 Statistical Analysis  
 Descriptive statistics were provided, detailing patients’ 
demographic characteristics. Non-parametric tests were 
employed in the analyses. For comparisons between two 
or more groups (e.g., sex), the Mann-Whitney U and 
Kruskal-Wallis tests were utilized to evaluate whether 
variables varied across the groups. The chi-square test was 
conducted to compare categorical variables, while 
Cochran’s Q test analyzed changes over time. Kaplan-
Meier survival analysis was performed to assess outcomes 
over time. A significance level of 0.05 was used, and all 
analyses were conducted using IBM SPSS Statistics 23.0. 
 

Results 

 Sixteen children (female = 9, male = 7) were included in this 
study. Ten children were aged between 4 and 6 years, and six 
were aged between 7 and 9 years. Biodentine pulpotomy was 
performed on the left 1st primary molar (n = 5), left 2nd 
primary molar (n = 6), right 1st primary molar (n = 4), and right 
2nd primary molar (n = 1). TheraCal PT pulpotomy was 
performed on the left 1st primary molar (n = 3), left 2nd 
primary molar (n = 2), right 1st primary molar (n = 5), and right 
2nd primary molar (n = 6). Table 1 lists the groups’ ages, sexes, 
and pulpotomy types. 
 

Table 1. Ages, sexes, and pulpotomy types of the groups  
   n  Percentage %  

Sex  Male 7  43.7  

Female 9  56.3  

Ages  4-6 10  62.5  

7-9 6  37.5  

Biodentine pulpotomy  Left 1st primary molar 5  31.3  

  Left 2nd primary molar 6  37.5  

  Right 1st primary molar 4  25.0  

  Right 2nd primary molar 1  6.3  

TheraCal PT pulpotomy  Left 1st primary molar 3  18.8  

  Left 2nd primary molar 2  12.5  

  Right 1st primary molar 5  31.3  

  Right 2nd primary molar 6  37.5  
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 1st-Month Clinical and Radiographic Evaluation 
 The first-month clinical and radiographic evaluations 
demonstrated 100% success, and no statistically 
significant difference was identified between the groups. 

 3rd-Month Clinical and Radiographic Evaluation 
 In the 3rd-month clinical evaluations, both groups 
displayed 100% success, and no statistically significant 

difference was revealed between the groups. In 
radiographic evaluations, the Biodentine and TheraCal PT 
groups showed 87.5% success, and both groups displayed 
12.5% failure (n = 2). Four cases had periodontal ligament 
widening in the Biodentine (n = 2) and TheraCal PT (n = 2) 
groups. No statistically significant difference was found 
between the groups (Table 2). 

 
Table 2. 3rd-month clinical and radiographic evaluations 

  
  

3rd month  

p-value  Biodentine  TheraCal PT  

n  %  n  % 

Clinical  Success 16  100 16 100 -  
               Failure 0 0 0 0 
Radiographic  Success 14  87.5  14  87.5 0.999  
 Failure 2 12.5 2 12.5 

Cochran’s Q test  

 
6th-Month Clinical and Radiographic Evaluation 
In the 6th-month clinical evaluations, both groups showed 
100% success. In the radiographic evaluations of the 
Biodentine group, one case had periapical radiolucency, 
and two had periodontal ligament widening. In the 

TheraCal PT group, one case had periapical radiolucency, 
one case had external resorption, one case had internal 
resorption, and five cases had periodontal ligament 
widening. No statistically significant difference was 
identified between the groups (Table 3). 

Table 3. 6th-month clinical and radiographic evaluations   

  
  

6th month  

p-value  Biodentine  TheraCal PT  

n  %  n  %  

Clinical Success                             16 100  16 100 -  

 Failure 0 0 0 0 

Radiographic Success 13  81.3  8  50 0.059  

                        Failure 3 18.8 8 50 
Cochran’s Q test  

 
12th-Month Clinical and Radiographic Evaluation 
In the 12th-month clinical evaluations, both the Biodentine 
and TheraCal PT groups showed 100% success. In the 
Biodentine group, one case had periapical radiolucency, 
and four had periodontal ligament widening. In the 
TheraCal PT group, ten cases had periapical radiolucency, 

nine cases had external resorption, five cases had internal 
resorption, ten cases had periodontal ligament widening, 
and nine cases had furcation radiolucency (Table 4). The 
Biodentine group showed statistically significant success 
compared to the TheraCal PT group. 

 
Table 4. 12th-month clinical and radiographic evaluations   

  
  

12th month  

p-value  Biodentine  TheraCal PT  

n  %  n  % 

Clinical Success 16  100 16  100 -  
 Failure 0 0 0 0 
Radiographic Success  11  68.8 0  0 *0.001  
                        Failure 5 31.3 16 100 

Cochran’s Q test 
 

Discussion 

 Vital pulp therapies were classified as direct/indirect pulp 
capping, partial and total pulpotomies, and the most 
common pulp therapy for primary teeth with perforation 
showing irreversible pulpitis signs. Numerous techniques and 
materials are available for the studied pulpotomy therapies, 
and IAPD recommended MTA and Biodentine in 2021.6 
 The present study compared the clinical and radiographic 
performance of TheraCal PT and Biodentine. As far as we 
know, this is the first study performed on primary teeth 

pulpotomy within 12 months. Although formocresol has 
advantages, its potential side effects have forced researchers 
to find new pulpotomy agents.7 To eliminate these 
disadvantages, MTA and Biodentine, calcium silicate-based 
cements, ferric sulfate, and sodium hypochlorite have 
started to be used for pulpotomy therapy.  
 Many studies have used Biodentine, which displays 
higher mechanical properties, biocompatibility, better 
handling procedures, and more predictable dentin bridges.8 
In their analysis, Jasani et al.9 declared that Biodentine 
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showed low clinical and radiographic failures. In their study, 
Li et al.10 reported that Biodentine showed 97.5% clinical 
and 82.9% radiographic success rates. Tong et al.11 stated 
that Biodentine displayed 89% clinical and 82% radiographic 
success. According to the meta-analysis by Guo et al.12, 
Biodentine exhibited 77.2% clinical success and 79.1% 
radiographic success at the end of 12 months. Our research 
results agree with the above-mentioned study in that 
Biodentine shows high clinical and radiographic success.  
 The disadvantages of Biodentine, such as coloring, 
handling, and setting problems, have caused researchers to 
find a new pulpotomy material. The manufacturer, Bisco, 
launched TheraCal PT for this purpose. The new material is a 
double-cured and resin-modified calcium silicate, an alkaline, 
biocompatible calcium releaser. It is indicated and favorable 
for pulpotomy, protects the dental pulp complex, and differs 
from TheraCal LC.13 An ideal pulpotomy material should be 
bactericidal, should not damage the pulp and periapical 
tissues, should not affect physiological root resorption, 
should contribute to the healing of the remaining tissue, and 
should not be toxic to the dental pulp. Many studies have 
evaluated TheraCal Pt. 
 Rodriguez-Lozano et al.14 evaluated the in vitro 
biocompatibility of MTA Angelus, TheraCal LC, and TheraCal 
PT, bioactive materials utilized for vital pulp treatment, on 
human dental pulp stem cells. At the end of their study, they 
concluded that TheraCal PT and MTA Angelus showed 
favorable in vitro cytocompatibility and bioactive 
characteristics. Sanz et al.15 compared TheraCal PT with its 
predecessor TheraCal LC and Biodentine and declared that 
TheraCal PT was comparable with Biodentine and showed an 
enhanced in vitro cytocompatibility and mineralization 
potential on human dental pulp stem cells in comparison 
with TheraCal LC. Kim et al.16 studied the biological and 
physical characteristics of TheraCal PT and Biodentine and 
stated that TheraCal PT showed lower biocompatibility than 
Biodentine. Quinonez-Ruvalcaba et al.13 evaluated TheraCal 
PT in rats and reported that all tested materials presented an 
inflammatory infiltrate and slight disorganization of the 
odontoblast layer in the pulp tissue of a murine model, with 
normal coronary pulp tissue and the formation of reparative 
dentin and concluded that all tested materials were 
biocompatible. Saber et al.17 tested TheraCal PT, Biodentine, 
and NeoPutty to see the effects of these materials on the 
biological behavior of human periodontal ligament stem 
cells. The researchers concluded that the resin-free 
Biodentine and NeoPutty displayed better performance and 
biological properties on periodontal ligament stem cells than 
TheraCal PT. An interesting finding of this study was that 
TheraCal PT did not show evident spreading and intercellular 
communications. Elbanna et al.4 tested TheraCal PT, TheraCal 
LC, and Biodentine’s bioactivity and found the highest 
bioactivity in the Biodentine group, while TheraCal PT 
displayed limited bioactivity, which may limit its prognosis in 
clinical applications for vital pulp therapy. Kuden et al. 18 
compared the residual monomer release, cytotoxicity, 
calcium ion release, degree of conversion, and crystal 
structure of TheraCal PT, TheraCal LC, and MTA and declared 
that MTA showed significantly lower cytotoxicity and higher 

calcium release than TheraCal PT and TheraCal LC. The 
researchers indicated that the TEDGMA release of TheraCal 
PT was higher than other materials, which may raise 
concerns about the viability of human dental pulp stem cells.  
 In their non-randomized clinical study, Wassel et al.5 
tested TheraCal PT as a medicament for the indirect/direct 
pulp capping, partial pulpotomy, and pulpotomy treatment 
of primary molars. The findings of this research 
demonstrated the following clinical and radiographic success 
rates: 93.87% for indirect pulp treatment, 80.4% for direct 
pulp capping, 42.6% for partial pulpotomy, and 96.15% for 
pulpotomy. In line with the results of this research, TheraCal 
PT showed 96.15% clinical and radiographic success for 
pulpotomy treatments, which contradicts our findings. In the 
present study, we found a 100% clinical success and a 100% 
radiographic failure. The in vivo studies4,16-18 and the findings 
of the current work suggested that the residual monomers of 
resin-modified calcium silicate cements still cause problems 
in pulpotomy treatments. 
 One of the limitations of the present research is that the 
recall time was not long enough to see what clinical success 
would be after 12 months. Therefore, the recall time should 
be longer, like 24 months, to see the clinical success of 
TheraCal PT pulpotomy. 

Conclusions 

 Both cements showed clinical success at the end of 12 
months however, TheraCal PT displayed a higher 
radiographic failure at the end of this period. It was 
concluded that residual monomers of resin-based materials 
still cause problems in pulpotomy treatments. 
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