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ABSTRACT: Bioceramic pulp capping agents have become central to modern vital pulp therapy because they combine
bioactivity, sealing ability, and favorable pulp responses. Materials such as MTA, Biodentine, TheraCal LC, and related
resin-modified or premixed products have been extensively studied for direct pulp capping in permanent teeth.
However, not all materials marketed under the bioceramic category behave similarly, and resin-containing formulations
may show more inflammation or less predictable outcomes than resin-free calcium silicate cements. This review
summarizes the clinical merits, limitations, commercial formulations, and selected evidence supporting the concept that
bioceramic pulp capping agents are a double-edged sword in vital pulp therapy.
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1. INTRODUCTION

The preservation of pulpal vitality has become one of the principal objectives of contemporary restorative dentistry.
Traditionally, teeth with deep carious lesions or pulp exposure were frequently treated with root canal therapy because
the exposed pulp was considered incapable of predictable healing. Advances in pulp biology, regenerative dentistry, and
biomaterial science have challenged this concept, leading to a paradigm shift toward vital pulp therapy (VPT), where
preservation of the dentin—pulp complex is prioritized whenever the remaining pulp retains healing potential. !

Vital pulp therapy encompasses indirect pulp capping, direct pulp capping, partial pulpotomy, and full pulpotomy, all of
which aim to preserve the vitality and physiological function of the pulp. The success of these procedures relies on
controlling bacterial contamination, maintaining pulp vitality, and providing a biologically favorable environment for
tissue repair. Consequently, the choice of pulp-capping material plays a pivotal role in determining the biological
response of the pulp.

For more than half a century, calcium hydroxide (CH) remained the material of choice for direct pulp capping because
of its antibacterial activity and ability to induce hard tissue formation. However, despite its clinical popularity, calcium
hydroxide exhibits several shortcomings, including poor adhesion to dentin, high solubility, dissolution over time, and
the formation of porous dentinal bridges containing tunnel defects that may permit bacterial microleakage. These
limitations prompted the search for biologically active alternatives capable of promoting more predictable pulp
healing.!

The introduction of calcium silicate-based bioceramics marked a significant milestone in regenerative dentistry. Unlike
calcium hydroxide, bioceramic materials actively participate in tissue repair through sustained calcium ion release,
hydroxyapatite formation, and stimulation of odontoblast-like cell differentiation. These properties have resulted in
improved dentin bridge quality, superior sealing ability, and reduced pulpal inflammation, making bioceramics the
preferred materials for many vital pulp therapy procedures.?
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Nevertheless, describing bioceramics solely as "ideal" pulp-capping agents would be an oversimplification. Their
biological activity is mediated through controlled inflammation, and the same mechanisms responsible for regeneration
may also contribute to transient pulpal irritation, superficial necrosis, or excessive mineralization under certain clinical
conditions. Furthermore, conventional mineral trioxide aggregate (MTA) is associated with prolonged setting time and
tooth discoloration, while the long-term clinical evidence supporting several recently introduced bioceramic
formulations remains limited.>

Therefore, this review critically evaluates the currently available bioceramic pulp-capping agents from both biological
and clinical perspectives. Rather than merely highlighting their advantages, the review examines the evidence
supporting their clinical application while discussing the limitations that justify describing these materials as a *double-
edged sword* in contemporary vital pulp therapy.

BIOCERAMIC MATERIALS IN PERSPECTIVE

Bioceramic pulp capping materials include ProRoot MTA, MTA Angelus, Biodentine, RetroMTA, NeoMTA Plus,
TotalFill / EndoSequence Root Repair Material, TheraCal LC, TheraCal PT, ACTIVA BioACTIVE Base/Liner, and
ApaCal ART. Their actions are generally based on calcium ion release, alkalinity, and stimulation of hard-tissue
formation. Resin-free calcium silicate cements are usually regarded as the most biologically favorable group, while
resin-modified products are more controversial because resin may affect pulp response. For this reason, product
composition matters as much as the bioceramic label itself.*

CLINICAL MERITS

The strongest merit of bioceramic materials is their ability to support pulp healing and dentin bridge formation. In the
study by Jalan et al.’, Biodentine produced a more favorable response than calcium hydroxide in human direct pulp
capping. In the pilot retrospective study by Linu et al.®, direct pulp capping with bioceramic materials in mature
permanent teeth showed a high overall success rate, and Biodentine performed particularly well clinically. In the in
vivo study by Ahlawat et al.”, MTA and Biodentine maintained pulp vitality after direct capping of cariously exposed
molars. A systematic review and meta-analysis by Alsubait and Aljarbou® found Biodentine to have clinical and
radiographic success comparable to MTA in mature permanent teeth.

LIMITATIONS AND BIOLOGICAL CONCERNS

Despite their advantages, bioceramic agents also have important limitations. Conventional MTA may be difficult to
handle, may set slowly, and may discolor teeth. Some newer products have improved handling but still lack long-term
independent evidence. Resin-containing formulations deserve special caution because their local biologic effects may
be less favorable than those of resin-free materials. The literature also shows that favorable dentin bridge formation
does not always mean minimal inflammation, so clinical success should be interpreted together with histologic and
biologic behavior.’

COMMERCIAL FORMULATIONS AND CLINICAL APPLICATIONS

ProRoot MTA and MTA Angelus are widely used for direct pulp capping, pulpotomy, perforation repair, and root-end
procedures. Biodentine is used for direct and indirect pulp capping and as a dentin substitute, with strong evidence
supporting its regenerative performance. TotalFill and NeoMTA Plus have shown favorable histologic healing and
complete dentin bridge formation in human tooth culture studies. TheraCal LC is a resin-modified calcium silicate
pulp-capping material that is easy to handle and has good physical properties, but several studies suggest it is less
reliable than MTA or Biodentine in direct pulp capping. ApaCal ART is a photo-cure resin-modified calcium hydroxide
/ tri-calcium phosphate pulp protectant and liner, and it is better placed among resin-modified protectants rather than
among classical resin-free bioceramic cements. '

EVIDENCE FROM SELECTED STUDIES

The study by Jeanneau et al.!! showed that tricalcium silicate-based materials modulate the balance between
inflammation and regeneration, with resin-containing materials such as TheraCal shifting the pulp response toward
inflammation, while resin-free Biodentine showed more favorable anti-inflammatory and regenerative behavior.

In the trial by Mahapatra et al.'?, TheraCal LC, MTA, and Biodentine all showed clinically acceptable performance at
12 months, though the authors noted meaningful differences among the materials.
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CLINICAL INTERPRETATION

Taken as a group, bioceramic pulp capping agents are among the most important advances in conservative dentistry.
Resin-free materials such as MTA and Biodentine remain the most validated options for direct pulp capping because
they combine biologic activity with better long-term support in the literature. Resin-containing formulations may offer
easier handling and favorable physical properties, but their inflammatory potential and weaker evidence base limit their
status as first-line choices. Thus, the clinician should select the material based on case selection, isolation, restoration
quality, and the biologic profile of the product rather than on the broad term bioceramic alone. '*

II. CONCLUSION

Bioceramic pulp capping agents represent a major step forward in vital pulp therapy, but their effects depend strongly
on formulation. MTA and Biodentine are the most reliable and well-supported materials for direct pulp capping, while
resin-containing products such as TheraCal LC and ApaCal ART require more cautious interpretation because of their
biological and inflammatory concerns. Their usefulness is real, but so are their limitations, which is why they can
rightly be described as a double-edged sword in vital pulp therapy.
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