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  Abstract 

    The desideratum of any dentist / endodontist should be to preserve the pulpal vitality, according to the principle witch 

says that the best canal filling is the dental pulp itself. In daily practice we must be guided by the postulate of Hippocrates: 

"Primum non nocere." 

    Several maintain that the pulp cannot sustain any insult, while others are convinced that because it is very resistant any 

attempt to preserve it is justified [1]. 

     It was once thought that only pinpoint exposures could be pulp capped, however more recent research would suggest that 

the size of exposure has no bearing on clinical outcome [2,3,4]. The issue of age is also difficult, as there is no clear cut-off 

when a direct pulp cap should no longer be considered. The ageing process is gradual and with increased age the pulp tissue 

becomes more fibrous with a reduction in pulp volume as a result of physiological secondary dentine formation and 

reactionary dentine due to external stimuli such as trauma, caries and tooth wear. The blood supply to the dental pulp is 

critical to its health and regenerative capacity, and as this decreases with age so does its capacity to respond to a direct pulp 

cap [5].  Finally the location of the exposure is important as there should be no pulp tissue coronal to the exposure. 

Exposure in a cervical cavity would lead to reactionary dentine formation which would restrict the blood supply to the tissue 

more coronal to it, leading to necrosis and failure. These teeth should therefore be root treated [6]. 

      As Barchall states:” More than 15 years ago, the treatment demarcation for a pulpotomy and/or pulp-capping procedure 

versus performing a pulpectomy was fairly straightforward.   A pulpotomy or pulp-capping procedure was a temporary 

treatment of the pulp until a full rooth canal treatment could be scheduled. Advancements in technology and materials in the 

field of endodontics have led to a paradigm shift in vital pulp therapy over the past years. With the arrival of modern 

method of endodontic treatment, rotary endodontic instruments, apex locator, endodontic micromotors, vertical warm 

condensing systems, pulpectomies became the treatment of choice over pulp-capping and pulpotomies on a vital pulp. This 

was because the clinician was now able to effectively and efficiently perform root canal treatment with rotary endodontic 

files as compared to using all hand-file instrumentation as previously. Specifically, these advancements are the clinician's 

ability to histologically assess a carious-involved pulp and the advent of bioceramic materials. Up to a few years ago, the 

prevailing thought was that if a carious lesion encroached the pulp and the pretreatment pulpal diagnosis was a normal pulp 

or reversible pulpitis, the entire pulp tissue was considered inflamed and would require a pulpectomy “[7]. 

     Ricucci et al found that clinical pulpal diagnosis of a normal pulp or reversible pulpitis had a 96.6% histological match to 

the normal pulp tissue in a tooth [7, 8] This study also showed that, in this type of case scenario, pulpal inflammation was 

localized to the area of the caries alone and the rest of the pulp tissue was observed to be normal.  
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     Consequently, the therapy of vital pulp is the treatment of choice if the pulp is exposed during the removal of caries, 

followed by the placement of a permanent restoration. 

 

      Methodology 

      The review studies from the last 10 years 

were selected from the PubMed database by the 

following terms: “direct capping” with 49 

results, “bioceramics in endodontics” with 18 

results, “MTA” with 317 results, “biodentine” 

with 19 results, “dental pulp growth factor” 

with 24 results and Theracal LC with 3 results. 

 

     Materials currently used in direct 

capping  

     Till date, calcium hydroxide (CH), mineral 

trioxide aggregate (MTA), and tricalcium 

silicate cement (Biodentine) are the materials of 

choice which have been most commonly used 

in clinics. [9] 

     1. Although calcium hydroxide has some 

significant disadvantages: high pH that irritates 

the dental pulp, causing inflammation and 

necrosis on the surface of the exposed pulp [10, 

11]; the tunnel defect may occur in newly 

formed dentin bridges [12, 13]; and degradation 

while leading to long-term sealing loss [13,14], 

was considered the “gold standard” and the 

most widely used material for direct pulp 

capping procedures [15] In the case of pulp 

capping  with calcium hydroxide on carious 

exposures, long-term clinical studies have 

shown highly variable success rates between 52 

and 100%[16]. The success rate of a direct pulp 

cap is difficult to be established from the dental 

literature as studies fail to clearly identify 

whether exposures were due to trauma or caries 

[17] or address those resulting from trauma 

only [18]. Whilst the prognosis of teeth that 

have received direct pulp caps as a result of 

trauma would appear good [18] those with a 

carious exposure fare less well[19]. 

     2. The paradigm shift also occurs when we 

talk about the materials that dentists use for the 

therapy of vital pulp, [7, 20]   materials that 

become the "gold standard". Introduced in 

recent years, bioceramic or calcium silicate-

based materials are proving to be significantly 

better for vital pulp therapy compared to 

calcium hydroxide [21]. Bioceramics are 

bioactive, bioinert and biodegradable [22], 

nontoxic and non-shrinking and usually stable 

in a biological environment. 

     For example, in the early 1990s, pioneering 

endodontist, academician and researcher Dr. 

Mahmoud Torabinejad et all, developed an 

MTA compound that was actually a modified 

Portland cement[7]. MTA is known as one of 

the bioactive materials in endodontics 

(20).There is a growing number of scientific 

evidence, including controlled clinical trials 

that have found that MTA usually has better 
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clinical outcomes and histological responses 

than calcium hydroxide when both are 

compared in direct pulp styling studies 

[7,23,24] .  

     In one study, Taha et al reported that placing 

MTA above the pulp after a partial pulpotomy 

in mature teeth that were clinically diagnosed 

with irreversible pulpitis had a good success 

rate over a 2-year monitoring period [25]. They 

also noticed that over half of the cases with 

direct styling with calcium hydroxide failed 

within 2 years. 

     In recent years, MTA has been widely used 

as a direct pulp capping material. MTA exhibits 

antibacterial activity by releasing calcium 

hydroxide, which explains the action similar to 

calcium hydroxide paste [26]. In addition, MTA 

has a higher sealing capacity, lower solubility, 

physical strength and greater stability than 

calcium hydroxide [27,28,29]. Moreover, MTA 

can be placed in a humid environment, can 

prevent bacterial infiltration and can produce a 

formation of dentin bridges with a lower 

inflammatory response, less hyperemia and less 

necrosis of pulp tissue compared to calcium 

hydroxide [29].  

     On the other hand, MTA has several 

disadvantages; staining, especially in gray 

MTA [30], the presence of toxic elements such 

as arsenic (31), higher cytotoxicity in its freshly 

mixed state [32], high pH during intake [33], 

heavy handling [34], time long grip [35] and 

the need for sufficient moisture during curing 

[36]. Mineral trioxide aggregate (MTA) has 

been widely used for different reparative 

procedures in endodontics. The extensive use of 

this cement for pulp capping, apexifications, 

apical surgeries, and revascularization is related 

to its ability to induce tissue repair and to 

stimulate mineralization [37]. 

     To overcome the disadvantages of the 

original MTA, several MTA-derived materials 

have been developed [35].  

     3. A new bioactive cement, Biodentine™ 

(Septodont, St. Maur-des-Fossés, France), was 

recently launched on the dental market as a 

dentin substitute. It shares both its indications 

and mode of action with calcium hydroxide, but 

does not have its drawbacks.  

Biodentine™consists of a powder in a capsule 

and liquid in a pipette. The powder mainly 

contains tricalcium and dicalcium silicate, the 

principal component of Portland cement, as 

well as calcium carbonate. Zirconium dioxide 

serves as contrast medium. The liquid consists 

of calciumchloride in aqueous solution with an 

admixture of polycarboxylate. 

www.septodontusa.com  

     Setting reaction 

     The reaction of the powder with the liquid 

leads to the setting and hardening of the cement 

[38].   The setting reaction of Biodentine is 

http://www.septodontusa.com/
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similar to MTA with the formation of hydrated 

calcium silicate gel (C-S-H) and calcium 

hydroxide. However, calcium carbonate acts as 

a nucleus for calcium-hydrate silicate gel, 

leading to a faster setting time and improving 

the microstructure. The water-soluble polymer 

reduces the viscosity of the cement and 

improves handling [39]. 

     The working time 

     The working time of Biodentine is up to 6 

minutes, with an initial setting time of 9-12 

minutes and a final setting time of 45 minutes. 

The presence of setting accelerator in 

Biodentine results in faster setting thereby 

improving its handling properties and strength 

[38]  

     Compressive strength  

     Compressive strength is considered as one 

of the main physical characteristics of hydraulic 

cements. Considering that a significant area of 

usage of products such as Biodentine is vital 

pulp therapies, it is essential that the cement has 

the capacity to withstand masticatory forces, in 

other words, sufficient compressive strength to 

resist external impacts [40].  There is a sudden 

increase in compressive strength reaching more 

than 100 MPa in the first hour. The mechanical 

strength continues to improve to reach more 

than 200 MPa in 24 hours, which is more than 

the value of most glass ionometers. This value 

becomes quite stable and falls within the 

compressive strength of natural dentin (297 

MPa) [41]. 

     Elastic modulus  

     Elastic modulus is 22.0GPa, very similar to 

that of dentin at 18.5GPa [42]. 

     Micro-hardness  

     After 2 hours, the hardness of Biodentine 

was 51 VHN and reached 69 VHN after 1 

month. The reported values of micro hardness 

for natural dentin are in the range of 60-90 

VHN [41]. Camilleri , in a study comparing the 

physical properties of Biodentine with a 

conventional glass ionomer (Fuji IX) and a 

resin modified glass ionomer (Vitrebond), 

showed that Biodentine exhibited higher 

surface microhardness compared to the other 

materials when unetched. On the other hand, 

there was no difference in the microhardness of 

different materials when they were etched [43].  

     Sealing capacity  

     Tricalcium silicate based materials are 

especially indicated in cases such as perforation 

repair, vital pulp treatments, and retrograde 

fillings where a hermetic sealing is mandatory 

[39]. 

     The micromechanical adhesion of 

Biodentine is due to the alkaline effect during 

the setting reaction, which causes the 

dissolution of organic tissues in the dentinal 

tubules. The alkaline medium formed between 

Biodentine and the dental hard substance 
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creates a pathway through which the dentin 

replacement mass can enter the exposed 

openings of the dentinal canals. This allows the 

connection of Biodentine to the dentin by 

means of innumerable microscopic cones, 

creating a stable anchoring, with sealing effect, 

sealing to bacteria [42]. 

      Flexural strength  

    Flexural strength of any dental material is an 

important factor as it decreases the risk of 

fracture in clinical use [38].  The flexural value 

obtained by Biodentine after 2 hours was 34 

MPa compared to other materials, such as 5-25 

MPa for conventional glass ionomer cement; 

17-54 MPa for resin-modified glass ionomer 

cement and 61-182 MPa for composite resin 

[44]. Therefore, it was concluded that the 

bending strength of Biodentine is superior to 

conventional glass ionomer cement, but still 

much lower than composite resin [45]. 

The antibacterial activity 

      The antibacterial activity and calcium 

hydroxide ions released from the cement during 

the capture phase of Biodentine increase the pH 

to 12.5, which inhibits the growth of 

microorganisms and can disinfect dentin [41]. 

The antibacterial and antifungal properties of 

MTA and Biodentine can be best attributed to 

the high pH of these materials. This high 

alkalinity has inhibitory effect on the growth of 

microorganism and causes disinfection of 

dentin. Hiremath GS et al., evaluated the 

antimicrobial efficacy of Biodentine, MTA, and 

MTA Plus and found that MTA and Biodentine 

showed significant antimicrobial effect against 

E. faecalis whereas MTA Plus was proved to be 

a good anti fungal agent against Candida 

albicans [46]. 

     Biocompatibility 

     Biocompatibility of a dental material is a 

major factor that should be taken into 

consideration specifically when it is used in 

pulp capping, perforation repair or as a 

retrograde filling [39]. Biodentine is non-toxic 

and has no adverse effects on cell 

differentiation and specific cell function. 

Increases the secretion of TGF-B1 (growth 

factor) from pulp cells that causes angiogenesis, 

progenitor cell recruitment, cell differentiation 

and mineralization [45]. 

     4. Resin-modified calcium silicate materials 

have also been developed, which can be easily 

polymerized. TheraCal LC (Bisco, 

Schaumburg, IL, USA) was introduced in 2011 

to overcome poor bonding of calcium silicate 

materials to resins in final restorations. 

TheraCal LC is a light-cured calcium silicate-

based material designed as both a direct and 

indirect pulp capping material that facilitates 

the immediate placement of final 

restoration[47].Compared to conventional MTA 

materials, resin-modified light-curable cement 
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has several advantages; immediate light 

polymerization, prevention of material washing 

and superior physical properties [48].  Light-

curing resin-modified MTA-based materials 

can provide an attractive alternative in this 

regard. The ability to rapidly light curing 

provides a clinically significant advantage over 

MTA that is difficult to manipulate. Jeanneau et 

al. [49] studied the consequences of adding 

resins to tricalcium silicates by investigating 

TheraCal LC and Biodentine interactions with 

the dental pulp. Their work showed that 

TheraCal is toxic to pulp fibroblasts and has a 

higher inflammatory effect and a lower 

bioactive potential than Biodentine.  

      Poggio C et al [50] report that light-curable 

resin-modified MTA cement showed higher 

cytotoxicity than resin-free calcium silicates / 

MTA. 

     The cytotoxicity of TheraCal LC was 

attributed to its resin components which may 

remain unpolymerized after contact with pulp 

tissue [49]. 

     Future in vitro and in vivo studies are 

necessary to validate the clinical importance of 

the new generation of light-cured resin-

modified calcium silicates. In addition, more 

studies are needed to support use of these 

materials in vital pulp therapy other than 

indirect pulp capping.. Therefore, those 

materials should constitute the objects of future 

studies, especially in terms of cytotoxicity, 

quality of induced dentin bridge and protocols 

for higher bond strength to tooth structure and 

final restoration[47].  

     Caution is required before unequivocally 

accepting the use of these materials in direct 

capping. 

      A look to the future 

      If the materials mentioned above 

chemically stimulate the dental pulp, the 

possibility of inducing a natural process of 

dentinogenesis through growth factors BMPs 

(BMP-2 is known as a factor inducing stem cell 

differentiation from dental pulp into 

odontoblasts) and FGFs is currently being 

investigated. (FGF) -2 is a fibroblast growth 

factor, regulates odontogenesis and is released 

during the pulp healing process[51].  

     However, more studies are needed to clarify 

the role research includes drug-mediated 

regenerative therapies of GSK-3 inhibitors 

(Tideglusib)of these growth factors in the pulp 

repair process. 

     In their study Masuda, et all  suggests that 

Tideglusib  has diverse effects on odontoblast-

like cell differentiation in vivo depending on 

the exposure time in vitro and reflects a part of 

the action in vivo in reparative dentin formation 

[52]. 

     Conclusion 
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     Preserving pulp vitality is crucial for tooth 

homeostasis and durability, and thus, there is a 

critical need for clinical interventions that 

enable regeneration of the dentin-pulp complex 

to rescue millions of teeth annually [53]. 

      With the increase in clinicians' ability to 

histologically evaluate dental pulp and the 

emergence of revolutionary new biocompatible 

materials that can be used successfully in direct 

styling, there is a paradigm shift in the 

treatment of accidental pulp openings or pulp 

treatment. Thus, the objectives of any pulp 

styling procedure can be fulfilled: managing 

bacteria, stimulating pulp cells to form a 

reaction dentin, to stop the progression of 

caries, to protect the dental pulp from harmful 

agents, and to ensure its sealing [7]. 
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