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ABSTRACT  

Materials and techniques used for direct pulp capping are closely related to the pulp vitality prognosis and 

long-term success of therapy. In the recent years, the performance and potential of these materials has improved 

significantly, alongside their capacity to induce formation of a new dentin barrier after pulp exposure. As there is not 

one single way of performing direct pulp capping, this study aims to report current trends applied to this procedure, 

and generally accepted characteristics of the most widespread materials - adhesive systems, calcium hydroxide, 

MTA, and other bioactive endodontic cements. 

INTRODUCTION 

According to the European Society 

of Endodontics (ESE), direct pulp capping is 

defined as a procedure involving placement 

of a protective dressing or base material 

placed directly over the pulp at the site of 

exposure 
[1]

, aiming the formation of a 

mineralized tissue barrier above the exposed 

area, known as a dentine bridge 
[2]

. This 

procedure is non-invasive and aims 

preservation of the vitality of the pulp, being 

traditionally performed when certain 

conditions are fulfilled: the pulp is exposed 

through non-infected dentin, and it doesn’t 

show signs and symptoms of severe pulpal 

disease, such as spontaneous pain 
[1, 3, 4]

. 

While isolation is a key factor throughout 

the procedure, applying a tight seal 

restoration is also crucial in order to prevent 

contamination 
[1]

.  

This study aims to report current 

trends and generally accepted characteristics 

of the most used materials for direct pulp 
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capping: adhesive systems, calcium 

hydroxide, MTA, and other modern 

bioactive cements. Although other materials 

have been mentioned in the literature, such 

as ZOE cements or GIC, their citotoxicity 

when in direct cell contact and poor 

formation of dentin bridge has limited their 

use for direct pulp capping 
[5, 6, 7]

.  

REVIEW OF THE 

LITERATURE  

After the introduction of calcium 

hydroxide in dentistry, it became the “gold 

standard” material in direct pulp capping for 

a long period of time, until newer bioactive 

materials were studied and implemented. 

Properties and effects of these materials on 

dental pulp, as well as a correct evaluation 

of its true state, cannot be determined only 

through clinical exam or radiologic 

appearance, but also through histological 

analysis and, unfortunately, most studies 

that include histological analysis report 

relatively short follow-ups (2-4 months) 
[5]

. 

According to ESE, an observation period of 

at least 1 year is necessary to evaluate the 

pulp condition after performing direct pulp 

capping 
[1]

. 

Calcium hydroxide 

Since its introduction and 

popularization as a pulp wound-dressing 

material in the first half of the 20
th

 century 
[2, 

8]
, extensive research on its effects on 

preserving the vitality of dental pulp has 

been published, raising expectancy for long-

term vitality preservation, but also reporting 

contradictory data on the success rate. In a 

review published in 1981, Baume and Holz 

reported 80-90% success rate of direct pulp 

capping using calcium hydroxide, indicating 

the experience of the clinician as the main 

factor influencing the therapy success, 

provided that hermetic seal of the restoration 

is obtained 
[4]

. Willerhausen et al. published 

a retrospective study, involving over 1000 

permanent teeth, and reporting different 

success rates of the therapy depending on 

the follow-up time period – 80.1% after the 

first year, this percentage decreasing with 

time until 58.7% after 9 years 
[3]

. Although 

reported success rates are controversial, their 

decrease as follow-up periods increase has 

been documented by other similar studies 
[6, 

9]
. 

The positive effect of calcium 

hydroxide on the pulp repair process is 

explained through its antibacterial 

properties, inducing a superficial necrosis, 

and through influencing the relase of 

proteins such as BMP (Bone Morphogenic 

Protein) and TBF-β1 (Transforming Growth 

Factor-Beta one), proved to stimulate pulp 

repair 
[6, 10]

. Nevertheless, several 

disadvantages of calcium hydroxide have 

been reported in the literature: high 

solubility of light-cured products, porosities 

or “tunnel defects” in the structure of the 

dentin bridge formed above the exposed 

pulp area, and poor sealing abilities 
[5, 6]

. 

Adhesive restorations 

Although a certain degree of healing 

in cases presenting non-contaminated pulp 

exposure has been reported, adhesive 

restorations applied for direct pulp capping 

in human subjects have shown lower success 

rates compared to calcium hydroxide or 
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other bioactive materials used in this therapy 
[5, 11-14]

. While implying relatively easy 

procedural steps, disadvantages such as 

toxic effects of the components of adhesive 

systems in direct contact with dental pulp 

cells, as well as poor sealing ability in the 

pulp exposure area due to moisture 

conditions, have been reported by several 

authors 
[15-19]

. 

Mineral Trioxide Aggregate 

(MTA) and other bioactive endodontic 

cements 

The introduction of MTA since the 

1990s by Torabinejad and White 
[20]

 

changed the current concepts of direct pulp 

capping, following several tests on animals 

to observe its healing effect on the dental 

pulp 
[21-24]

. The initial formula based on 

Portland cement, evolved in two slightly 

different products - white and grey MTA – 

was modified in modern MTA-like products 

by introducing artificial synthetic calcium 

silicates 
[6]

. 

The primary reaction of MTA with 

water is calcium hydroxide, therefore many 

mechanism and characteristics of these 

materials are similar 
[5, 6]

. Advantages of 

MTA include its good sealing ability, 

alkaline pH and slow release of calcium ions 

for extended periods of time, induction of 

pulp cells’ proliferation and cytokine 

release, synthesis of an interface with dentin 

presenting a composition similar to 

hydroxiapatite, homogenous hard tissue 

barrier formation 
[25-30]

. Reported 

disadvantages include a high solubility, 

possible coronal tooth discoloration, 

difficulty in handling, and a prolonged 

setting time (approximately 2 hours and 45 

minutes for some products, although it has 

been consistently reduced in modern 

modified MTA products) 
[5, 30, 31]

. 

In a clinical study published in 2008, 

Nair et al. investigated the human pulp 

response to direct pulp capping in healthy 

vital teeth with MTA, in comparison with 

calcium hydroxide (Dycal). No 

inflammation signs and presence of hard 

tissue barrier formation were reported in all 

MTA cases, while Dycal specimens showed 

signs of pulp inflammation and numerous 

tunnel defects in the new hard tissue barrier 
[2]

. In a review and meta-analysis published 

in 2018, Paula et al. also reported higher 

success rate of MTA cements compared to 

calcium hydroxide 
[11]

. Farsi et al. reported a 

93% success rate of direct pulp capping 

using MTA in young permanent teeth, after 

a 24 months follow-up 
[32]

. A histological 

evaluation realized by Aeinehchi et al. 

reported better results regarding 

inflammation and dentin bridge formation 

when using MTA than calcium hydroxide, 

in young adult patients 
[33]

. Another 

histological study by Chacko and Kurikose 

reported a more homogenous dentin bridge 

formation when using MTA for direct pulp 

capping on permanent teeth, compared to 

calcium hydroxide 
[34]

. 

A new bioactive cement was 

launched in 2006 – BioAggregate 

(Innovative BioCeramix Inc., Vancouver, 

BC, Canada), presenting a long setting time 

(approximately 4 hours) and consisting of 

tricalcium silicate, dicalcium silicate, 

tantalum pentoxide (as radiopacifier), 

calcium phosphate monobasic (calcium 
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dihydrogen phosphate) and amorphous 

silicon oxide 
[6]

. 

Another product with a much shorter 

setting time (10-12 minutes) was launched 

in 2009, Biodentine (Septodont, Lancaster, 

PA, USA), containing tricalcium silicate, 

calcium carbonate and oxide and zirconium 

oxide (as radiopacifier) in the powder, 

which is mixed with calcium chloride 

solution containing modified 

polycarboxylate instead of water 
[6]

. 

Presenting an easier handling, Biodentine 

was reported to show similar efficacy to 

MTA in direct pulp capping 
[35]

. 

In the same year, EndoSequence BC 

RRM (Brasseler USA, Savannah, GA, 

USA), was launched, as a premixed paste 

delivered in syringe or putty, following in 

2014 the launching of BC RRM-Fast Set 

Putty equipped with a syringe delivery 

system. Including in its composition 

tricalcium silicate, dicalcium silicate, 

tantalum pentoxide, zirconium oxide, 

calcium dihydrogen phosphate, calcium 

hydroxide and thickening agent, these 

products depend on the presence of moisture 

on the surface they are applied on, and have 

presented similar results as MTA when used 

for direct pulp capping 
[6]

. 

A long list of other bioactive 

endodontic cements (also known as tri-

calcium silicate materials, bioceramic 

materials, MTA-like cements) has been 

launched besides the above mentioned, 

including BioRoot RCS, Endo-CPM, 

Endocem, EndoBinder, EndoSeal MTA, 

iRoot, MicroMega MTA, MTA Bio, etc 
[36, 

37]
. 

Paula et al. reported no statistically 

significant differences regarding the success 

rate of MTA cements, in comparison with 

other bioactive cements for direct pulp 

capping treatments 
[11]

. These results have 

been reported by other studies as well, 

noting similar favorable performance among 

MTA and modern bioactive materials
 [36, 38]

.                                                            

These treatments with endodontic substrate 

are the basis of future prosthetic 

constructions,  unidental restorations in the 

form of inlays and onlays  in 49% of cases 

and also  unidental or plural construction in 

metalo-ceramic and all-ceramic coating 

in  proportion of 35% the rest being 

registered as a stand-alone treatment in the 

context of oral rehabilitation in order to 

maintain homeostasis and to regain 

it.[39,40] 

CONCLUSIONS 

Long term preservation of dental 

pulp remains a current concern, while a 

large range of materials is available for 

clinicians. MTA and other modern bioactive 

endodontic cements seam to offer more 

predictable and reliable results regarding 

inflammation and hard tissue bridge 

formation after direct pulp capping in 

deciduous and permanent teeth, compared to 

calcium hydroxide, adhesive systems and 

other materials.  
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