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SUMMARY 

Pulp treatment in primary teeth is a core discipline of clinical pediatric dentistry. According 

to the American Academy of Pediatric Dentistry (AAPD), the key objective of pulp therapy 

is to maintain the health and integrity of primary teeth and their supporting structures, as 

well pulp vitality, where achievable.  

Pulpotomy in primary teeth is a clinical procedure characterized by amputation of the 

coronal pulp, obtaining successful hemostasis and treating the remaining vital radicular 

pulp with an active medicament, followed by restoring the tooth with consideration to 

achieving optimal coronal seal.  

Many pulpotomy medicaments have been used over the years with various success. For 

decades, Formocresol (FC) had been considered the gold standard agent, however recent 

concerns with its potential carcinogenicity have driven it out of favor. Instead, Ferric 

Sulfate (FS) has become the material of choice due to its proven record of similar clinical 

success to FC. Lately, new bioceramic materials (such as Mineral Trioxide Aggregate and 

BiodentineTM) are increasingly popular in pediatric endodontics as these allow for 

regeneration of the remaining radicular pulp tissue. Recent studies have demonstrated 

superior clinical outcomes of the bioactive agents when compared to other materials.  

While the search for the most effective, biocompatible and price efficient primary molar 

pulpotomy material is continuous, clinical trials of high quality design are required to 

support evidence-based guidelines. To the best of our knowledge, BiodentineTM (BD) has 

not been compared directly only to FS. Hence, the current study is unique by design and 

addresses this gap in the literature. 

This is a parallel design randomized controlled clinical trial that aimed to compare the 

clinical and radiographic performance of BD and FS (used as control) as pulpotomy 

medicaments in primary molars over a period of two years with a recall every six months. 
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Participants for this study were recruited from the pool of patients attending the Post-

graduate (PG) clinic at the Pediatric Dentistry Department of the College of Dentistry 

(COD), University of Illinois at Chicago (UIC).  Inclusion and exclusion criteria were 

specified separately for the patients and for the teeth requiring treatment.  Informed 

consents from the parents/ guardians and assents from the pediatric participants (7 years 

of age and older) were obtained. In total, 60 subjects were recruited. A random digit table 

was used for participant allocation into two groups (BD and FS). Each subject received 

one pulpotomy procedure as part of the study. Ten trained operators, all with experience 

in pediatric dentistry, performed the interventions (pulpotomy procedures) by following a 

standard step-by-step guide, designed for the study purposes and based on the 

manufacturers’ instructions. After six months, one designated examiner, specialist 

pediatric dentist, performed the clinical assessment of the teeth treated with BD and FS 

pulpotomies according to standardized criteria. This study is in progress and will continue 

with 6 monthly evaluation over a period of 2 years, in total.  Every 12 months, a 

radiographic assessment is also intended according to specified standards. 

A prospective power calculation was conducted, based on reported clinical success rates 

from previous studies. It estimated that 18 teeth in total (9 in each group) would achieve 

a power of 0.92.  

The data was coded and captured on evaluation forms specifically designed for the 

purposes of the study. The data gathered through all study forms was transferred into 

Microsoft® Excel 2016 and the statistical analysis was carried out with IBM SPSS 

Statistics. 
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I. INTRODUCTION 

I.1 Background 

I.1.1  Pulpotomy in Primary Teeth 

Pulp therapy is a fundamental aspect of pediatric dental clinical practice. Following 

appropriate diagnosis of the pulp status, indicated endodontic interventions are 

categorized either as vital or non-vital pulp therapy.  Vital pulp therapy is typically 

recommended for teeth diagnosed with reversible pulpitis. It is an umbrella term 

encompassing indirect pulp cap, direct pulp cap, and pulpotomy. Non-vital pulp therapy is 

indicated for irreversibly inflamed or necrotic pulps and it is the intervention of pulpectomy.  

According to the AAPD the key objective of vital pulp therapy is to sustain the health and 

integrity of the teeth and their supporting structures, and where possible to maintain the 

vitality of the pulp. Pulpotomy in primary teeth is defined as the procedure where “the 

coronal pulp tissue is amputated, and the remaining vital radicular pulp tissue surface is 

treated with a long-term clinically successful medicament”.1 The concept and the actual 

technique of the procedure have not changed since its inception, however the choice of 

active medicaments applied over the remaining vital radicular pulp tissue has largely 

evolved over the years.   

Generally, the procedure consists of multiple treatment steps. Pulpotomy can be 

planned in advance after a clinical diagnosis of reversible pulpitis, or it can be decided 

intraoperatively when a pulp exposure is encountered during caries excavation.  All of the 

carious tooth structure must be removed along with the roof of the pulp chamber.  If no 

bleeding is observed, this is a sign that the pulp tissue has undergone necrosis and vital 

pulp therapy is no longer a treatment option, instead a pulpectomy or extraction should be 

considered.2  When bleeding is observed, the coronal pulp tissue is removed and 

amputated at the level of the root canal orifices.  Hemostasis is achieved at the level of 
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the canal orifices using a moist cotton pellet and pressure. Usually, successful 

hemorrhage control is achieved within 4-5 min, indicating normal and healthy radicular 

pulp, otherwise, the radicular pulp tissue is considered hyperemic and infected.2,3  This 

would also disqualify the tooth from being a candidate for pulpotomy treatment as it is 

considered an evidence that the infection has gone beyond the level of the coronal pulp 

tissue, in which case a pulpectomy should be performed. If hemostasis is achieved readily, 

the selected pulpotomy medicament is placed over the remaining radicular pulp tissue as 

indicated and the pulp chamber is filled with appropriate lining material.  Preferably, any 

tooth that undergoes pulpotomy treatment should be subsequently restored with a full 

coronal coverage restoration to obtain ideal coronal seal. In pediatric dentistry, most 

commonly used are stainless steel crowns (SSC), zirconia pediatric crowns or pre-

veneered crowns.1-3 

 

I.1.2 Pulpotomy medicaments for primary teeth 

Various pulpotomy agens have been proposed and utilized over the years, some 

with only experimental value, while others were established as standards.   The ideal 

properties of a pulpotomy material include bactericidal, biocompatible, ability to promote 

healing to the remining vital radicular pulp and to be indifferent to the process of 

physiological resorption of the root of the tooth.4 The currently available therapeutic agents 

can be assigned into three main groups with regard to their immediate effect on the 

radicular pulp.4 

For decades in the past, FC has been considered the gold standard pulpotomy 

medicament. It is used as 20% (1:5 dilution) Buckley’s FC solution and applied directly to 

radicular pulp on a cotton pellet for approximately five minutes. It contains formaldehyde, 

cresol, glycerin and water. It achieves superficial tissue fixation and has bactericidal 

properties. The reported success rates in the literature ranges from 55% to 97%.5,6 In 2004 
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the International Agency for Research on Cancer classified formaldehyde as carcinogenic 

in humans.  Although, the evidence of potential mutagenic and cytotoxic hazards 

associated with its dental use is controversial, FC is gradually driven out of favour.5,6  

Table 1. Classification of Pulpotomy Agents 

 

Sodium Hypochlorite (NaOCl), (3-6%) is a hemostatic and bactericidal agent, 

inexpensive and readily available. As a pulpotomy agent is placed on a cotton pellet over 

the radicular pulp for 30 seconds followed by a water rinse. The pulp chamber is then filled 

with Zinc Oxide Eugenol (ZOE) cement and the tooth is restored with SSC. The reported 

range of success in the literature is 74-100%.7 Disadvantages to its use, include 

documented risks of external/internal root resorption and radicular bone loss have been 

associated with its use.7 

Calcium Hydroxide has also been advocated as a pulpotomy medicament, 

however it has been shown to have consistently lower success rates in comparison to FS 

and FC. The use of lasers in primary tooth pulpotomies, although expensive, is promising 

with further research needed for definitive results.2.3 

Newly introduced bioceramic materials (such as MTA and BiodentineTM) are 

developed to promote regeneration of the remaining pulp tissue. Recent studies have 

demonstrated superior clinical outcomes (96%-100%) of MTA pulpotomies compared to 
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most other pulpotomy medicament choices.8 While the search for the most effective, 

biocompatible and price efficient primary molar pulpotomy material is continuous, clinical 

trials of high quality design are required to support the evidence-based guidelines.  

 

I.1.3 BiodentineTM 

BD is a tricalcium silicate (Ca3SiO5)-based inorganic nonmetallic restorative 

cement introduced to the dental market as a ‘bioactive dentine substitute’.9,10 Allegedly, 

this material has superior physical and biological properties such as user-friendly material 

handling, faster setting time, increased compressive strength, increased density, 

decreased porosity and induction of reparative dentine synthesis when compared to other 

bioceramic cements.9  It is possible to mix BD in the capsule that it is packaged in, using 

a titrator that allows for more uniform mixing and more consistent viscosity to the material.  

The consistency to which the BD is mixed to form a stiff enough putty that allows the 

material to be placed accurately and without sticking to the instrument of application.  

When BD is placed over vital pulp tissue it produces a superficial layer of necrosis.  This 

necrotic tissue in turn stimulates an inflammatory/healing response that results in 

odontoblasts laying down tertiary/reparative dentin. The hard tissue barrier forms relatively 

fast (within weeks), with only few vascular inclusions and provides a tight seal on contact 

with the dentinal walls.  Even though ultimately it is this dentin bridge which seals off the 

vital pulp tissue, the BD forms a strong bond with the remaining dentin preventing any 

contamination while the reparative dentine is forming.9,10 

 

I.1.4 Ferric Sulfate 

FS (Fe2[SO4]3) as a 15.5% solution (AstringedentTM, Ultradent Products) has been 

used commonly as a coagulative and hemostatic retraction agent for crown and bridge 
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impressions and is slightly acidic.11 The mechanism of action of FS is still not fully 

understood, but it has been established that the reaction of blood with both the ferric and 

sulfate ions leads to agglutination of the blood proteins. The formed products act as plugs 

and occlude the capillary orifices. Therefore, unlike conventional clotting agents, FS 

affects hemostasis through a chemical reaction with blood.11,12 FS was proposed and 

subsequently widely used as a pulpotomy agent based on its mechanism of controlling 

hemorrhage. It is also believed that its ability to induce a physiological blood clot minimizes 

the chances for inflammation and internal resorption in the remaining radicular pulpal 

tissue as the metal-protein complex stops propagation of irritation-inducing components.13 
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II. Review of the Literature 

A review of the current literature in English language, evaluating the success of 

pulpotomies completed with BD and/or with FS as definitive agents and done on primary 

molars was performed.  As per the defined inclusion criteria, the studies had to evaluate 

pulpotomies completed in primary molars, compare either BD or FS, have follow-up of at 

least 12 months, and teeth restored with SSC.  Studies, that were excluded were not 

written in English, pulpotomies were completed on teeth other than primary molars, 

materials other than FS or BD were used as pulpotomy agents, the follow-up was less 

than 12 months, and the pulpotomised teeth were not restored with SSC. 

The search of Google Scholar, NCBI and PubMed data bases with the MeSH terms 

“Biodentine”, “Pulpotomy”, “Ferric Sulfate” “Primary”, “Molar”,” Pulp”, “Pediatric” used in 

various combinations identified 6 clinical trials assessing BD and 13 involving FS. 

Of the studies that were included, the reported success rates for BD ranged from 95% 

to 100% for clinical performance and 80% to 95% for its radiographic outcomes (Table 2).  

In five of the six articles, BD was compared to MTA and no statistically significant 

differences were noted between the success of these two agents.  

Togaru et al., (2016) reported that both MTA and BD have success rates of 95.5% at 

1-year follow-up.13  Rajasekharan et al., (2016) also found the clinical success for BD to 

be as high as 95.24% and the radiographic success to be 94.4%, which was not 

significantly different from MTA (100% and 90.9% respectively).14 

This study provided the longest follow-up time of 18 months, which is six months longer 

than any of the other reported trials.14 Kusum et al., (2016) documented 100% clinical 

success rate for both BD and MTA, however they described lower rates of radiographic 

outcomes (80% and 92% respectively but not statistically significant in difference).15 

Cuadros Fernandez et al., (2016) also confirmed that both MTA (92% clinical/ 97% 

radiographic success) and BD (97% clinical/ 95% radiographic success) are highly 
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efficacious pulpotomy agents.16 El Megily et al., (2016) was the only clinical trial that 

compared BD to FC and reported in 6 months 100% clinical success for both 

medicaments.17 

Pulp canal obliteration (PCO) is a normal healing response of vital pulps and results 

in thickening of the radicular walls and in significant decrease of the pulp canal space. 

Most studies described that teeth treated with BD as a pulpotomy agent exhibited 

radiographic signs of PCO. For example, El Megily et al., (2016), reported that 17.9% of 

the BD pulpotomies resulted in PCO in contrast to 12.5% of those in the FC group.17 

Rajasekharan et al., (2016) had a similar observation and reported higher frequency of 

PCO in the BD pulpotomies versus those with MTA.14  
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Table 2. Summary of studies of BD as primary molar pulpotomy agent 

 

Since, BD is a newly introduced primary tooth pulpotomy agent most publications 

evaluating it are very recent (in the past 1 to 2 years) and have a relatively short follow up 

period (6 to 18 months). Longer review of the outcomes is needed to see how BD performs 

over the lifetime of primary molars. The study with the longest recall of 18 months reported 

a participant dropout rate of 15.85%, while the trials of shorter duration (6 and 12 months) 

did not lose any subjects.  
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  Pulpotomies in primary molars completed with FS were evaluated in 13 research 

trials (Table 3).  

Table 3. Summary of studies of FS as primary molar pulpotomy agent 

Study Aim Success Rate 

Havale  

et al., 2013 

Clinical and Radiographic 

Evaluation of Pulpotomies 

in Primary Molars with FC, 

Glutaraldehyde and FS 

30 in primary molars in each group (90 

total), 1-year follow-up at 3 months 

intervals, clinical and radiographic 

success rates were glutaraldehyde 

(100%/83.3%), FS (96.7%/63.3%), FC 

(86.7%/56.7%) 

Fernandez  

et al., 2013 

Clinical and Radiographic 

Outcomes of the Use of 

Four Dressing Materials in 

Pulpotomized Primary 

Molars: A Randomized 

Clinical Trial with 2-year 

Follow-up 

2-year follow-up at 6-month intervals; 

compared FC, MTA, FS, Sodium 

Hypochlorite; no statistical difference in 

success 

Odabas  

et al., 2012 

Clinical and Radiographic 

Success Rates of MTA and 

FS Pulpotomies Performed 

by Dental Students 

1 year follow up at 3 months intervals; 

compared FS and MTA; 

Clinical and radiographic success, FS 

(84.7%/78.2%), MTA (94.7%/92.1%); 

most common cause of radiographic 

failure for both was internal resporption; 

no statistical significant difference 
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Huth  

et al., 2012 

Long-term Effectiveness of 

Four Pulpotomy 

Techniques: 3-year 

Randomized Controlled 

trial 

3 year-follow up at 6 month intervals; 200 

primary molars; 4 groups & success rates 

are: FS (97%); FC (92%), Laser (89%), 

Calcium Hydroxide (75%), no statistically 

significant difference between the 4 

groups found; 

Erdem  

et al., 2011 

Success Rates of MTA, 

FS, and FC Pulpotomies: A 

24-month Study 

2 year-follow up at 6-month intervals; 

MTA, FS, FC, ZOE were compared; 

success rates, MTA (96%), FS (88%), FC 

(88%), ZOE (68%); ZOE was significantly 

worse than MTA; no significant difference 

between the other three; 

Doyle  

et al., 2010 

MTA Produces Superior 

Outcomes in Vital Primary 

Molar Pulpotomy 

Conducted by combining medicaments, 

results are not well aligned with what we 

are studying 

Sonmez  

et al., 2008 

A Comparison of Four 

Pulpotomy Techniques in 

Primary Molars: A Long-

term Follow-up 

56 teeth; 2 year-follow up at 6-month 

intervals; success rates of FC (76.9%), 

FS (73.3%), Calcium Hydroxide (46.1%), 

MTA (66.6%); 

Vargas  

et al., 2006 

Preliminary Evaluation of 

Sodium Hypochlorite and 

FS for Pulpotomies in 

Primary Molars. 

5% NaOCl vs FS; 1 year-follow up at 6-

monthly recall; NaOCl clinical success 

100%, radiographic success at 12 

months was 79% (showed internal 

resorption); FS clinical success 85% and 

radiographic success at 62%; 
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Huth  

et al., 2005 

Effectiveness of 4 

Pulpotomy Medicaments in 

Primary Molars 

2 year-follow up at 6-monthly recall: 

clinical success was FC (96%,) laser 

(93%), Calcium Hydroxide (87%), FS 

100%; only Calcium Hydroxide was 

significantly worse 

Chien  

et al. 2001 

How Does Zinc Oxide-

Eugenol Compare to Ferric 

Sulphate as a Pulpotomy 

Material? 

Both 100% success at 3 months. 

Fei  

et al., 2001 

A Clinical Study of Ferric 

Sulfate as Pulpotomy 

Agent in Primary Teeth 

FS vs FC with 1 year-follow up at 3-

monthly recall; FS had 96.6% success 

and FC had 77.8% success 

Ibricevic &  

al-Jame Q, 

2000 

Ferric Sulfate as 

Pulpotomy Agent in 

Primary Teeth: Twenty 

Month Clinical Follow-up 

FS vs FC; with 20 month-follow up at 3-

monthly recall; 100% clinical success for 

both groups; radiographic success for 

both groups was 97.2% with 2.8% 

showing internal resorption 

Fuks  

et al., 1997 

FS vs Dilute FC in 

Pulpotomized Primary 

Molars: Long-term Follow 

Up 

FS vs FC: with 34 month-follow up at 6-

monthly recall; FS success was 92.7%, 

FC was 83.8%; Rate of internal 

resorption was 7.2% for FS and 5.4% for 

FC; 

 

The reported success rates ranged from 62% to 100% through various follow-up 

times (from 3 months to 3 years). Havale et al., (2013) compared three pulpotomy agents 
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including FS, Glutaraldehyde and FC with a one-year follow-up.18 They concluded that FS 

had success rate of 96.7%, clinically and 63.3%, radiographically.18 It had a very similar 

performance to the other two medicaments. FC had a clinical success rate of 86% and a 

radiographic one of 56.7%, while glutaraldehyde had a 100% clinical and 83.3% 

radiographic success.18 Fernandez et al., (2013) compared FS to FC, MTA, and Sodium 

Hypochlorite and reported no significant difference in between the groups after two 

years.19 Odabas et al., (2012) compared FS to MTA with one-year follow-up.  FS showed 

84.7% tooth survival and radiographic success of 78.2%. However, MTA outperformed it 

with 94.7% clinical and 92.1% radiographic success.20 The most common cause of 

radiographic failure in both groups was internal resorption and the differences were not 

statistically significant.20 Huth et al., (2012) compared four different pulpotomy 

medicaments with a follow-up up at 6-month intervals for three years in total.  The success 

rates for the four groups were, 97% for FS, 92% for FC, 89% for Laser, and 75% for 

Calcium Hydroxide respectively and there was no statistically significant difference 

between the groups.21 Sonmez et al., (2008) also compared four different medicaments, 

including FC, FS, MTA, and Calcium Hydroxide.  At the two-year follow-up, this study 

showed a success rate for MTA of only 66.6%, which is particularly low, compared to most 

other studies that worked with this material.  FC showed the highest success at 76.9% 

followed by FS at 73.3% and Calcium Hydroxide at 46.1%.22 Vargas et al., (2006) was the 

only study that compared the clinical and radiographic success of FS to Sodium 

Hypochlorite.  At 12 months, FS demonstrated 85% clinical and 62% radiographic success 

compared to 100% clinical success and 79% radiographic success of the Sodium 

Hypochlorite. 23  

FS has been established as an inexpensive, user friendly, biocompatible and 

efficient pulpotomy agent based on a number of studies with a good quality design. It is 

the most commonly used pulpotomy medicament in the contemporary pediatric dental 
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practice. However, its outcomes can vary to as low as 73% for the clinical and 62% for the 

radiographical success.23-33 BD was shown to result in more predictable pulpotomies in 

primary molars with success rates consistently higher than 94%.34-38 Being a relatively 

new material on the market, BD has had a lot less research support and the available 

studies are of a shorter follow up.  

In the literature to date, BD has never been compared directly to the current 

standard pulpotomy agent FS and such study is highly needed for appropriate clinical 

practice recommendations. The current randomized controlled clinical trial comparing the 

two pulpotomy agents, FS and BD is unique by design and is addressing the identified 

gap in the literature. 
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III. Aim and Objectives of the Study 

This is a parallel design randomized controlled clinical trial that aims to compare 

the clinical and radiographic performance of BD and FS (control) as pulpotomy agents in 

primary molars over a period of two (2) years with a recall every six (6) months. 

The study’s objectives include:  

• To evaluate a number of clinical variables related to the success of primary molar 

pulpotomy procedures completed with BD and FS; 

• To evaluate a number of radiographic variables related to the success of primary 

molar pulpotomy procedures completed with BD and FS;  

• To compare BD and FS as pulpotomy agents in primary molars; 

• To make clinical practice recommendations for the use of pulpotomy agents in 

primary molars. 
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IV. Hypotheses of the Study 

The Null Hypotheses of the study are: 

• There is no statistical difference in the clinical success of primary molars treated 

with pulpotomy procedure using either BD or FS as a pulpotomy agent. 

• There is no statistical difference in the radiographic success of primary molars 

treated with pulpotomy procedure using either BD or FS as a pulpotomy agent. 

The PICOT question is  

• Will healthy pediatric patients (3 to 9 years of age) receiving pulpotomy treatment 

for primary molars (Population; P) using BD (Intervention; I) in comparison with 

pulpotomy using FS (Control; C) show increased clinical and radiographic 

success based on a set of specified criteria (Outcome; O) when followed up for 

24 months (Time; T)? 
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V. Materials and Methods 

Ethical approval for this study was obtained from the Institutional Review Board (IRB) of 

the UIC (Appendix A). 

V.1 Study Site 

 This research trial was performed at the graduate clinic of the Pediatric Dentistry 

Department, College of Dentistry, UIC.  

 Only treatment appointment, conducted under general anesthesia was held at the 

University of Illinois at Chicago Hospital.  All other study visits were carried out at the 

Pediatric Dentistry Department, College of Dentistry, UIC. 

V.2 Study Subjects 

Study participants were selected from the pool of patients attending the PG clinic 

of the Pediatric Dentistry Department at the COD, UIC. Inclusion and exclusion criteria 

were specified separately for the selected patients and for the teeth indicated for 

treatment. The study was intended only for healthy subjects as history of significant 

medical findings may have altered treatment decisions. For example, patients with 

congenital cardiac disease, who are at risk of residual infection may require additional 

therapeutic interventions that could potentially deviate the study process. Furthermore, 

the age group of the participants was chosen with consideration to the average normal 

lifespan of deciduous molars. The teeth indicated for pulpotomy were selected based on 

preliminary clinical diagnosis of reversible pulpitis or intraoperative carious pulp exposure. 

 All inclusion and exclusion criteria, per tooth and per patient, are summarized in 

Table 4. 
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Table 4: Summary of Inclusion and Exclusion Criteria 

 
Inclusion Criteria Exclusion Criteria 

Patient • Medically Fit (ASA* I or II) 

• Age range: 3 to 9 years of age 

• Obtained informed consent 

• English speakers 

• Medically Compromised 

(ASA*III to VI) 

• Younger than 3 or older than 9 

years of age 

• Informed consent not obtained 

• Non-English speakers 

Tooth • Type tooth: primary molar 

• Tooth with deep caries extending 

into the inner third of dentin 

• Tooth with symptoms of provoked 

pain of short duration 

• Tooth with symptoms of pain 

relieved upon removal of stimulus 

• Tooth with adjacent healthy soft 

tissue (no sinus tract) 

• Tooth with no radiographic 

evidence of furcation/apical 

pathology 

• Tooth with no radiographic signs 

of physiological root resorption  

• Tooth other than mandibular 

primary molar 

• Tooth requiring extraction due 

to: 

• Non-restorable crown 

defect 

• Root resorption due to 

ectopic first permanent 

molar 

• Orthodontic therapy 

• Tooth with symptoms of: 

• Spontaneous 

unprovoked pain 

• Pain at night time 

• Constant pain with need 

for analgesics 

• Sinus tract 
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• Excessive mobility (not 

associated with trauma 

or exfoliation) 

• Tooth with radiographic 

evidence of furcation/apical 

pathology 

• Tooth with radiographically 

detectable physiological root 

resorption  

     *American Society of Anesthesiologists (ASA) 
 

Male and female patients, 3 to 9 years of age, were enrolled in this study as they 

typically have fully formed primary dentition or early mixed dentition with available primary 

molars. The study investigated pulpotomy procedure in primary molars.  Children younger 

than 3 years of age were excluded from the study, as they may not yet have a fully formed 

primary dentition. Children older than 9 years of age typically have primary molars close 

to exfoliation and would not benefit from the proposed pulp therapy methods.  Patients 

with significant medical history were excluded from study enrollment as the priority of their 

medical condition may limit their availability for participation.  All relevant study forms were 

available in English. Parents/ guardians who were non-English speakers were excluded 

from enrollment, as they had a significant disadvantage in understanding the purpose and 

the participation process of the study. 

 

V.3 Enrolment Process 

Study participants were selected from the pool of patients attending the graduate 

clinic at the Pediatric Dentistry Department of the COD at UIC.  The principal investigator 
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(PI) reviewed the daily schedule of the PG Pediatric Dental Clinic on the electronic health-

record (EHR) system at UIC and accessed the past notes of the booked patients to search 

for potential study participants according to the specified inclusion criteria.  The PI 

identified prospective subjects by tracking existing active dental treatment plans and new 

dental treatment plans that met tooth and patient eligibility requirements. Thus, a list of 

potential participants with their EHR patient numbers was generated. Each of these 

patients and their parent/guardians were approached by the PI at the time when they 

attend the PG clinic for their scheduled dental treatment appointment.  The PI provided a 

brief verbal description of the study, a Patient Information Leaflet (PIL, Appendix B), and 

a Study Participation Request form (SPR, Appendix F). This was done in a respectful 

manner to the patient and his/her parent/guardian’s privacy. The conversations were held 

in a dental cubicle or operatory where no other staff members or members of the public 

would recognize that they were a potential study enrolment process.  The PIL, aided with 

pictorial material, offered detailed information on the two pulpotomy agents used in the 

study and a clear explanation of all advantages and disadvantages of the proposed 

treatment materials. It also provided a description of the study participation process and 

associated risks and benefits.  The SPR form required the parent/guardian to provide 

contact details including the prospective participant’s name and phone number. This form 

was given directly to the PI.  The PI used the collected information from the SPR forms to 

contact and schedule appointment with the prospective participants.  Once a potential 

study participant was identified, the PI performed a brief dental exam to establish whether 

the patient truly fulfilled the inclusion criteria of the clinical trial.  Sufficient time for 

consideration before enrollment was provided for as long as the patient or his/her 

parent/guardian required to make an informed decision. No coercion was used. However, 

the parents/guardians were expected to make a decision within a reasonable period of 

time in order to avoid delay in their child’s dental care.  Patients and parents/guardians, 
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who were interested in research participation, were asked to complete and sign the 

consent (parental permission, Appendix D) and the assent form (for children 7 years of 

age and older, Appendix E) of the study.  For those participants that required advanced 

behavior management options, the treatment was performed with the adjunct of 

inhalational sedation (nitrous oxide), oral conscious sedation or general anesthesia. 

Furthermore they had to sign “Authorization To Use And Disclose (Release) Health 

Information For a Research Study” form (Appendix C) in order for the EHR to be 

accessible to the research personnel during the study process.  Each participant received 

an individual study number. A master list of the participants’ study numbers with the 

respective patients’ EHR numbers was generated for the study purposes. This was 

necessary to avoid multiple patient enrollments and provided ability to gain access to the 

participant’s EHR at each of the recall visits. The master list will be permanently destroyed 

along with all other study documentation 5 years after the research trial is completed.  

Patients who did not meet the study’s inclusion criteria or for whom an informed parental 

permission (consent) and assent (where applicable) could not be obtained were not 

enrolled in the study and were advised to continue their dental care as previously planned.  

With regard to reimbursement from dental insurance companies, the American Dental 

Association (ADA) has established a set of standardized coding for dental procedures. 

The primary molar pulpotomy, regardless of the used pulpotomy agent, is an itemized 

procedure and is fully covered by most dental insurances. The reimbursement for dental 

treatment was not altered by this study since the dental treatment plan remained 

unchanged.  The subjects did or did not receive any financial incentives and the cost of 

the dental treatment plan was the same regardless of study participation.  

 

V.4 Operators 

 Ten designated and trained operators (pediatric dentistry residents and one 
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specialist pediatric dentist) completed the pulpotomy procedures in this research trial. 

They all underwent a training processes specific for the purposes of this study. It consisted 

of reviewing the pulpotomy procedures from the literature, studying the step-by-step guide 

designed for this trial, learning the manufacturers’ instructions for the use of BD and FS 

as pulpotomy agents, practicing on typodont teeth and completing a workshop on BD led 

by a Septodont®  representative. 

 

V.5 Procedure and Armamentarium 

V.5.1 BiodentineTM 

 Biodentine™ was developed by Septodont® as a new class of dental material that 

could conciliate high mechanical properties with excellent biocompatibility as well as a 

bioactive behavior (Table 5).  

 

Table 5:  Biodentine™ by Septodont® 

Brand Manufacturer Company Logo 

Biodentine™  Septodont  P.O. Box 68 

Cambridge, Ontario 

Canada N1R 5S9 

 

 

 Its chemical composition is based on the Ca3SiO5 (Table 6). BD is a dentin substitute 

indicated for use in the crown for temporary enamel restorations, permanent dentin 

restorations, deep or large carious lesions, deep cervical or radicular lesions, pulp capping 

or pulpotomy. The material can also can be used in the root for root and furcation 

perforations, internal and external resorptions, apexification and retrograde surgical filling. 
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Table 6. BiodentineTM chemical content 

 

 The BD comes in capsules containing tricalcium silicate powder and capsules with 

aqueous calcium chloride solution and excipients (Figure 1).  

The mixing instructions according to the product manufacturer and accurately followed in 

this study are described in Figure 2. 

Fig. 1:  BiodentineTM kit: powder in capsules and liquid in capsules  
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Figure 2. Step by step BiodentineTM mixing instructions 

 

 

V.5.2 Ferric Sulfate 

 Astringedent® (Viscostat®) is the brand name by the manufacturer Ultradent (Table 

6, Figure 2). It is an aqueous, 15.5% ferric sulfate solution with a pH of ~1.0. Astringedent® 

is known as the “classic” hemostatic agent and has ability to achieve profound hemostasis 

in seconds. 

 

Table 7: Astringedent® 

Brand Manufacturer Company Logo 

Astringedent® 

(Viscostat®)  

15.5% Ferric Sulfate 

Ultradent Products, Inc. 

505 W. 10200 S. 

South Jordan, UT 84095 
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Fig. 3:  Astringedent®  

 

V.5.3 Regulatory Compliance 

 Both BD and FS fully comply with the U.S. and international regulations for product 

safety and are FDA approved. 

 

V.6 Tooth Allocation 

Each participant received a pulpotomy procedure on a single primary molar as part of the 

study. The subjects were assigned to either the BD Group or the FS Group using a 

Random Digit Table based on the order that they were enrolled in the study. From a table 

of random numbers, a list of 30 odd and 30 even numbers in a random sequence was 

generated. In the order of study enrolment, each subject who received an odd number 

from the generated list was assigned to the BD Group. Those participants who received 

even numbers were assigned to the FS Group. Sealed envelopes were used to conceal 

the randomization. The allocation of the participants into the two groups was performed at 

each subject recruitment by opening an envelope that was pre-made and sealed by the 

PI.  

 

V.7 Pulpotomy Procedure  

 All primary molars included in the study had the pulpotomy procedure completed in 

a uniform manner, by following a step-by-step guide of a recommended standard 
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intervention and the manufacturers’ instructions for the application of each of the two 

pulpotomy agents (Table 7). 

 

V.8 Initial Data Capture  

 After completing the pulpotomy procedures the operators were required to fill out an 

Initial Data Capture (IDC) Form (Figure 3, Appendix _), designed to record the information 

about the specific tooth diagnosis requiring the pulpotomy, the medicament used and any 

other comments related to the operative treatment. 

 

V.9 Examiner 

 One designated and blinded examiner, a specialist pediatric dentist, assessed the 

study teeth with completed pulpotomies at 6 months. The evaluation was completed 

according standardized criteria, defined for the purposes of this study. 

 Since all endodontically treated teeth included in this trial were restored with SSC, 

the examiner was blinded for the type of pulpotomy material. The same examiner is 

designated to complete the future planned 6 monthly clinical and 12 monthly radiographic 

assessments.  

 Radiographically, the BD and the ZOE cement (used as a liner over the FS treated 

teeth), have a significantly different degree of opacity and the examiner will not be blinded 

for the radiographic evaluation. The examiner is required to complete a clinical outcome 

data collection form and a radiographic outcome data collection, both specifically created 

for the purposes of this study. 
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Table 8. Step-by-step study guide for the pulpotomy procedures  
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Figure 4. Initial Data Capture Form 

 

V.10 Outcome Data Collection  

 The collection of study outcome data was designed to reflect on uniform, 
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standardized criteria for clinical and radiographic evaluation of the success of 

pulpotomized teeth.  These criteria are based on diagnostic decision pathways, commonly 

accepted in pediatric dentistry in determining presence/absence of residual infection 

and/or pulp disease progression. The set of criteria, both for the clinical and the 

radiographic success, were adapted from the criteria used in another study with similar 

design from the research group of Rajasekharan et al., (2016).10 Each criterion is 

described in such manner as to reflect on a number of potential sequelae from the 

pulpotomy intervention. Furthermore, each criterion is assigned a numerical score. The 

numerical values of the diagnostic descriptions allow for data coding and ease of statistical 

analysis. The outcome data criteria specified and standardized for the purposes of this 

study are summarized in Table 8 and Table 9. The two sets of evaluation criteria were 

included in two forms for data collection, namely Clinical Outcome Data Collection Form 

and Radiographic Outcome Data Collection Form (Figure 5 & 6; Appendix H & I). Both 

forms are especially created for this research trial. 

 

V.11 Criteria for Clinical Success 

Determinants for clinical success were specifically identified for the study purposes 

to include: 

1) Restoration (including restorative material under the SSC) is in-tact and sound.  

2) No mobility beyond physiologic mobility. 

3) Absence of soft tissue pathology. 

Failure to meet any of these criteria was considered as a clinical failure for the purposes 

of this study.  
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Table 9. Criteria for clinical success (adapted from Rajasekharan et al., 201610) 
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Table 10. Criteria for radiographic success (adapted from Rajasekharan et al., 201610) 
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Figure 5. Clinical Outcome Data Collection Form 
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Figure 6. Radiographic Outcome Data Collection Form 
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V.12 Flow Chart of the Study Process 

The study design is illustrated in the Flow Chart presented in Figure 7. 

Figure 7. Flow Chart of the Study Process 

  

V.13 Statistical Analysis 

Data gathered through all study forms were transferred into Microsoft Excel 

Spreadsheet (Microsoft Inc., Redmond, WA, USA). The data file was stored on a 

password-protected computer. The Excel data file was then transferred to the IBM SPSS 

statistical software program for statistical analysis. All data were assigned a numerical 

value in order to complete statistical analysis.  

The clinical success rates of 78% for FS and 94% for BD reported in the literature 

were used, in order to determine the number of subjects for the study that can demonstrate 
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the same difference between the two pulpotomy agents. A prospective power analysis 

was carried out using these numeric results for the Two-Sample T-Test allowing unequal 

variance. According to the power calculation, a sample size of 18 (9 in each group) would 

be needed to achieve 92% power to reject the null hypothesis of equal means.  

The data analysis consisted of univariate descriptive statistics to describe 

demographic information. Nonparametric statistics (Chi-square) was used to analyze the 

success of the two medicaments at their six month follow-up clinical evaluation.  A p-value 

of <0.05 was used to determine statistical significance for the Chi-square test. 
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VI. Results 

VI.1 Descriptive Data Analysis of the Initial Sample  

A total of 60 participants were recruited over a period of 6 months (from June 1st 

2017 to December 10th 2017).  

There was a slight male prevalence of 51.7% (N=31), while the females were 

48.3% of the initial sample (N=29). 

Figure 8. Gender Distribution of the Initial Sample 

 

With respect to the age distribution of the 60 subjects included in the study eight 

(13.3%) were three years old, 12 (20%) were four years old, 13 (21.7%) were five years 

old, 13 (21.7%) were six years old, eight (13.3%) were seven years old, five (8.3%) were 

eight years old, and one (1.7%) was nine years old. Thirty eight (63.4%) of the 60 

pulpotomies were performed on subjects between the ages of four and six years old.  

The average age of the sample was 5.3 years of age and the median age was 6 years. 
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Figure 9. Age Distribution of the Initial Sample 

  

 

 

The ethnic distribution of the sample included 40 (66.7%) Hispanic, nine (15%) 

White, six (10%) African American, two (3.3%) Asian, and three (5%) of other ethnicities. 

Figure 10. Ethnic Distribution of the Initial Sample 

 

All 60 participants were medically healthy, without any reported conditions and 

classified into ASA I category. 
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VI.2 Descriptive Data Analysis of the Return Sample at 6 months 

At 6 months, 36 subjects returned for clinical evaluation of the intervention. There 

was distinct female prevalence with 22 (61.1%), while only 14 (38.9%) males returned. 

Figure 11. Gender Distribution of the Return Sample at 6 months 

 

The return sample also consisted of six (16.7%) 3 year-olds, nine (25%) 4 years-

olds, seven (19.4%) 5 year-olds, seven (19.4%) 6 year-olds, four (11.1%) patients were 

seven years of age, while only three (8.3%) were eight years old; twenty three (63.8%) of 

the 36 pulpotomies that returned for six month follow-up were performed on subjects 

between the ages of four and six years old. The average age of the return sample was 4.8 

years and the median was 5 years.  
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Figure 12. Age Distribution of the Return Sample at 6 months 

 

 

 

With respect to the ethnic distribution, out of the 36 subjects that returned for their 

six month follow-up 21 (58.3%) were Hispanic, six (16.7%) were White, four (11.1%) were 

African American, two (5.6%) were Asian, and three (8.3%) were of other ethnicities.   

Figure 13. Ethnic Distribution of the Return Sample at 6 months 
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All return participants were fit and healthy medically and categorized as ASA I patients. 

 

VI.3 Descriptive Data Analysis of the Initial Sample of Pulpotomized Teeth 

There was intended equal distribution between the type of material used for each 

group with 30 (50%) pulpotomies completed using BD and 30 (50%) completed using 

FS. 

Figure 14. Material Type Distribution of the Initial Sample of Pulpotomized Teeth 

 

Of the 60 pulpotomies that were completed 13 (21.7%) were maxillary first primary 

molars.  Six (10%) were maxillary right first primary molars and seven (11.7%) were 

maxillary left first primary molars. Fourteen (23.3%) where maxillary second primary 

molars, four (6.7%) where maxillary right second primary molars and ten (16.7%) where 

maxillary left second primary molars.  Sixteen (26.7%) were mandibular first primary 

molars, 6 (10%) were mandibular right first primary molars and ten (16.7%) were 

mandibular left first primary molars, while 17 (28.3) were mandibular second primary 

molars.  Five (8.3%) where mandibular right second primary molars and 12 (20%) were 

mandibular left second primary molars. 
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Figure 15. Tooth Type & Number Distribution of the Initial Sample of Pulpotomized 

Teeth 

 

All 60 teeth (100%) that received pulpotomy treatment were restored with SSC and 

had an initial diagnosis of reversible pulpitis with large carious lesions extending into pulp.   

The amount of plaque present at the time the pulpotomy was performed was recorded for 

all 60 subjects.  Eleven (18.3%) had no plaque present (score=0), 40 (66.7%) had a mild 

amount of plaque present (score=1).  Nine (15%) had a moderate amount of plaque 

present (score=2), and no one had a score of 3. 

 

Figure 16. Plaque Score Distribution of the Initial Sample of Pulpotomized Teeth 

 



 

41 

 

 

The gingival health of the teeth at the time of pulpotomy treatment was recorded 

for all 60 subjects.  Fourteen (23.3%) had healthy gingiva, score of 0; 39 (65%) had mild 

gingivitis or score of 1.  Seven (11.7%) had moderate gingivitis (score of 2) and none 

scored 3 e.g. severe inflammation of the marginal gingiva.  

Figure 17. Gingival Score Distribution of the Initial Sample of Pulpotomized Teeth 

 

VI.4 Descriptive Data Analysis of the Return Sample of Pulpotomized Teeth 

Of the 36 subjects who returned for their six month follow-up 20 (55.6%) had 

pulpotomies completed using BD and 16 (44.4%) had pulpotomies completed using FS. 
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Figure 18. Material Type Distribution of the Return Sample of Pulpotomized Teeth 

 

 

 

Of the 36 pulpotomies that returned for six month follow-up nine (25%) were 

maxillary first primary molars.  Six (16.7%) were maxillary right first primary molars and 

three (8.3%) were maxillary left first primary molars.  Ten (27.8%) were maxillary second 

primary molars.  Two (5.6%) were maxillary right second primary molars and eight (22.2%) 

were maxillary left second primary molars.  Nine (25%) were mandibular first primary 

molars.  Three (8.3%) were mandibular right first primary molars and six (16.7%) were 

mandibular left first primary molars.  Eight (22.2%) were mandibular second primary 

molars.  Four (11.1%) were mandibular right second primary molars and four (11.1%) were 

mandibular left second primary molars. 
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Figure 19. Tooth Type & Number Distribution of the Return Sample of 

Pulpotomized Teeth 

 

 

All patients that return had intact SSC in place (100%) and all were treated with 

pulpotomy due to a large carious lesion extending to the pulp with the diagnosis of 

reversible pulpitis. 

Of the 36 subjects who returned for their six month follow-up six (16.7%) had no plaque 

present at this evaluation point, 24 (66.7%) had a mild amount of plaque present and six 

(16.7%) had a moderate amount of plaque. 

Figure 20. Plaque Score Distribution of the Return Sample of Pulpotomized Teeth 
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Of the 36 subjects that returned for their six month follow-up seven (19.4%) had 

healthy gingiva at evaluation (score of 0), 24 (66.7%) had mild gingivitis (score 1) and 5 

(13.9%) had moderate gingivitis (score of 2). 

Figure 21. Gingival Score Distribution of the Return Sample of Pulpotomized Teeth 

 

 

VI.5 Clinical Success Data Analysis of the Return Sample of Pulpotomized Teeth 

Of the total sample of 60 subjects that participated in the study, the majority, or 36 

(60%) returned for their six month follow-up, while 24 (40%) did not return.  Upon clinical 

examination of the 36 subjects that returned for their six month follow-up, 33 (91.7%) were 

healthy, two (5.5%) were experiencing slight discomfort or had slight inflammation around 

the tooth that received treatment, and one (2.8%) patient had major discomfort and 

infection associated with the tooth that had received treatment. Since this tooth required 

subsequent extraction, it was considered a major failure according to the clinical outcome 

categorization. Hence, of the 36 pulpotomies that returned for six month follow-up 35 

(97.2%) were considered to be successful and one (2.8%) was considered to be a failure. 
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Figure 22. Overall Clinical Success Score Distribution of the Return Sample of 

Pulpotomized Teeth 

 

VI.6 Clinical Success Data Analysis of the BiodentineTM Group 

Eighteen (90%) of the 20 pulpotomies completed using BD that returned for six 

month follow-up were healthy and two (10%) had slight discomfort or mild inflammation 

around the tooth that received treatment.  However, according to the set of clinical 

outcome categories, all of the pulpotomies are considered successful and the BD group 

showed 100% clinical success in 6 months. 

VI.7 Clinical Success Data Analysis of the Ferric Sulfate Group 

Fifteen (93.7%) of the 16 pulpotomies completed using FS that returned for six month 

follow-up were healthy and one (6.3%) experienced major discomfort and infection 

associated with the tooth that received treatment and this tooth required extraction.  

Therefore, at six month follow-up the FS group exhibited 93.7% success and 6.3% failure. 
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Figure 23. Difference Between Groups at Six Month Follow-up 

 

VI.8 Clinical Success Data Analysis of Difference Between Two Groups 

At six month clinical follow-up, the FS group exhibited 93.7% success and 6.3% 

failure, while the BD group showed 100% success. Statistical analysis was run using Chi-

square and it was determined that there was no statistically significant difference between 

the two groups (x2 = 0.2368; p < 0.05). 
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VII. Discussion 

Out of the 36 subjects that returned for follow-up only one tooth was diagnosed with 

clinical failure due to the presence of a draining sinus tract adjacent to the tooth. Such 

clinical finding is directly associated with the status of the pulp and is a tell sign of ongoing 

and advanced infection. A radiographic examination, indicated for treatment decision 

making, had confirmed the spread of infection into the periradicular structures. The failed 

tooth was a mandibular first primary molar and the child’s age at the time of failure was 5 

years old. Hence, it can be discussed that the physiological resorption can not have played 

any contributing role to the failure of the treatment. It can be assumed, that if the pre-

operative diagnosis and the intra-operative determination of the pulpal status were correct 

and that of reversible pulpitis, the properties of the pulpotomy agent have a large part to 

play in the ultimate outcome. It can also be argued, that such early failure of the therapy 

indicates greater disadvantage of the FS. However, in pediatric patients clinical symptoms 

and history do not correlate well with the actual status of the pulp. Furthermore, FS, being 

a hemostatic agent, may have obscured adequate intra-operative determination of the 

pulpal inflammation and may have prevented detection of hyperaemic pulp requiring non-

vital therapy.  In the failed case, it was established that participant had a lack of homecare 

with brushing and flossing from the parents.  Not only was there a considerable amount 

of plaque on the patient’s teeth at the recall visit but there were also new carious lesions 

on other teeth.  The patient’s parents were not very forthcoming with information about the 

patient’s diet but it can be assumed that there were no significant improvements in the 

patient’s diet since the previous examination. This further indicates the possibility that the 

initial diagnosis of the tooth was incorrect and the tooth was never a good candidate for 

vital pulp therapy.  This highlights one of the major downsides to using FS as a pulpotomy 

medicament.  If the radicular pulp tissue never truly achieved hemostasis prior to 

placement of the FS, the FS would have still formed a blood clot and achieved hemostasis 
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even if the remaining radicular pulp tissue was hyperemic.  This would mean that infected 

tissue was left inside the tooth and it was never properly cleaned out.  Hence, it is 

imperative to achieve hemostasis of the radicular pulp prior to placement of FS so that 

any remaining inflamed tissue is not able to be masked by the clotting abilities of the FS. 

Almost every subject included in the study had mild to moderate gingivitis with visible 

plaque on their teeth.  Their poor oral hygiene is likely a major reason for their high caries 

rate and the need for extensive restorative treatment.  Even though hygiene instructions 

were provided to the patients and parents, poor oral hygiene was still persistent at the six 

month follow-up visit.  Home care instructions were reviewed with patients and parents as 

well as visual demonstrations provided in an attempt to improve oral hygiene. 

Every patient included in the study met the criteria for being considered high caries 

risk.  This also means that they are at an increased risk for future caries and recurrent 

caries on previously restored teeth.  Unless drastic changes in home care and diet were 

made since treatment was completed it can be assumed that all of the pulpotomies that 

were completed are not being maintained under ideal conditions.  Any restorative 

treatment that is not well maintained will have a shorter life expectancy than if it were taken 

care of properly.  Thus it is important to educate patients and their parents about the 

importance of good diet and home care and the role that it plays on the long term success 

of dental treatment. 

An additional criteria that should have been considered for inclusion in the study was 

likelihood to follow through with regular recalls.  Patients who received treatment in urgent 

care were less likely to return to the clinic once they were no longer experiencing any 

discomfort.  This was true for both new patients and patients of record.  Patients who 

received treatment under general anesthesia were also less likely to return for recall 

appointments after all of their restorative treatment had been completed.  It is unclear 

whether this is due to the parent’s low oral health literacy or a genuine lack of care for their 
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children’s oral health.  A third reason for which patients did not return was distance 

traveled to get to the clinic.  Patients who drove multiple hours to come to the clinic were 

less likely to return after the completion of restorative treatment. 

One of the most convenient features of BD that is not discussed very often is its 

ease of mixing.  After adding a few drops of liquid to the capsule it can be mixed using a 

triturator to repeatedly achieve the desired consistency and not have to worry about the 

ratio of powder to liquid each time.  The firm consistency to which the BD is able to be 

mixed allows for much easier application to the desired area, especially when compared 

to other bioceramic materials that are available.  However, due to the hydrophilic nature 

of the material, once it is placed it begins to absorb water from the dentinal tubules and 

the previously firm material starts to become less viscous.  This is both a positive and 

negative attribute of BD.  This decrease in viscosity after placement does allow the 

material to flow better and give an even covering of the floor of the pulp chamber.  But by 

losing some of is firmness that also means that the material can be displaced much easier.  

Recent studies showed that after three minutes of setting the material did not show any 

displacement when other restorative materials were placed over the BD.10-12  When the 

crowns were placed over the BD in this study no disruption to the BD was observed.  

Unfortunately, though the BD did not hold up as well against the force of the water from 

the high speed hand piece.  The reason that this was discovered was because many teeth 

had to finish being prepped after completion of the pulpotomy procedure was completed.  

As stated before, BD is a hydrophilic material so it was important that no moisture was 

present during its placement or the material would lose its viscosity and become very 

challenging to place and control.  This meant no bleeding from the gingiva could be 

present during the time of BD placement and therefore interproximal reduction was often 

times completed after the placement of the BD.  If not enough time was given for the BD 

to set prior to using the high speed hand piece the water from the high speed hand piece 
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would wash the BD out of the pulp chamber.  If a cotton pellet was able to be placed over 

the BD, so as to protect it from wash out, the interproximal reductions were able to be 

completed while the BD was setting instead of waiting the three minutes for it to set before 

working again.   

This issue with the washing out of the BD during use of the high speed hand piece 

also ties in with the issue of the manufactures instructions of needing to fill the entire pulp 

chamber with BD.  This is a significant waste of material.  A 2mm layer of BD over the 

pulpal floor provides a more than adequate seal of the vital radicular pulp tissue.  This 

means that the remainder of the chamber could be filled with a different restorative 

material, covering and protecting the BD.  Another study, conducted at UIC, which results 

await publication, had showed in vitro that both IRM and RMGI would be adequate 

restorative materials to place over the BD.  Not only would this reduce the cost of the 

procedure but this would also protect the BD from washout and the high speed hand piece 

could be used right away. 

The biggest challenge that BD presents to pediatric dentists is its packaging.  As 

previously mentioned, a significantly less about of BD could be used and the remainder of 

the pulp chamber restored by another material with benefits other than reduction in cost.  

Not only does filling the whole pulp chamber with BD waste materials but triturating a 

whole capsule for a primary molar pulpotomy leaves the pediatric dentist discarding a 

large portion of the material that was never used.  Even when completing multiple 

pulpotomies at the same time and completely filling the chambers with BD, four 

pulpotomies were able to be completed with ample material for left over.  In the operating 

room where multiple quadrants of teeth are able to be isolated at one time and many 

pulpotomies can be completed at the same time, being able to triturate one capsule of 

material for all of them is very beneficial.  But in a clinic setting where restorative treatment 

is typically completed but the quadrant there is an excessive amount of material in one 
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capsule.  The amount of material required for the pulpotomies would decrease even 

further if the pediatric dentist was choosing not to restore the whole chamber with BD and 

covering it with a second material. 

Over the course of the first 10 months of the study some opportunistic radiographs 

of teeth treated with BD became available.  This may have been due the pulpotomy having 

been competed during an urgent care visit and then seen on a subsequent radiograph 

during the patient’s initial comprehensive exam or due to variations in timing of treatment 

and the need for updated radiographs during recall appointments.  The BD was 

significantly less radiopaque compared to the IRM that was used to fill the chambers of 

the teeth treated with FS and the opacity of the BD matched that of the surrounding dentin.  

Due to the radiographs being taken so soon after placement of the BD there were no 

calcific changes or dentinal bridge formation observed.  No pulp canal obliteration or 

internal resorption was observed in any of the radiographs.  In one radiograph the BD 

appeared to travel past the orifice and into the canal.  No pathological signs or symptoms 

were present at the time but the tooth should be monitored to see if the presence of BD in 

the roots effects the physiologic resorption of the roots and natural exfoliation of the tooth. 

The strength of this study is comparable to the current literature on other materials 

that are used for primary molar pulpotomies.  All operators participating in the study were 

educated on the proper technique prior to beginning the study and those performing 

follow-up data collection were calibrated for uniformity.  Patients were randomly assigned 

to each material so that there was no bias in which patients received treatment with which 

material.  The patients will be followed-up for a period of 24 months at six month intervals 

obtaining clinical and radiographic data.  For these reasons this study will be regarded as 

having high quality of evidence and be an excellent resource for clinicians to help guide 

them in their decision making of which medicament to use when performing primary molar 

pulpotomies. 
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Prior to beginning the study all providers that would be participating in the study 

were trained on the proper technique for performing a pulpotomy.  This was done in lecture 

given by the lead investigator of the study.  All providers participating in the study were 

also educated on how to properly use both pulpotomy medicaments that were being used 

in the study.  This was done both by a lecture and a hands on workshop lead by a 

manufacturer’s representative.   

Based off of the initial power calculation it was determined that a minimum of nine 

subjects were needed for each of the two groups.  Knowing that patients would inevitably 

be lost to follow-up a sample size of 60 subjects was determined to be adequate (30 for 

the BD and 30 for the FS group).  At the six month follow-up only 55% of patients returned 

to the clinic for their recall appointment.  Fortunately, at least 14 subjects from each group 

returned which exceeded the original power calculation.  However it is highly likely that 

even more patients will be lost to follow-up over the two year period of the study and a 

sample size of 60 patients may be inadequate.  After completing the first round of recall 

appointments it was clear that patient selection for inclusion in the study should have been 

given more consideration.  Patients who had a pulpotomy completed in urgent care should 

not have been included in the study as they were less likely to return to the clinic once 

they were no longer experiencing any discomfort.  Patients who did not show up for recall 

appointments between their initial exam and treatment under general anesthesia.  The 

parents of these patients did not value oral health and as a result were less likely to return 

to the clinic after the completion of restorative treatment.  Patients who had to travel a long 

distance to get to the clinic were less likely to return for recall appointments after 

completion of restorative treatment.  60 total patients may have been and adequate 

sample size but the decision to include a patient in the study should have been thought 

about more carefully and factors other than the dentistry been considered. 
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VIII. Study Conclusions 

The following conclusions can be made based on the results of this study:  

• The clinical performance of BD and FS (control) as pulpotomy agents in primary 

molars was similar at 6 months evaluation with 100% success rate for BD and 

93.7% for FS. 

• Both pulpotomy agents can be recommended at short term. 

• The Null Hypotheses was not rejected by the results obtained at this stage of the 

study process.  

• Larger sample size and a longer evaluation period, including radiographic 

assessment are needed for definitive results.  
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