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ABSTRACT:

The primary goal of pediatric endodontics is to retain the primary tooth as a functional unit in the dental arch until natural
exfoliation. The pulpotomy procedure has undergone a significant paradigm shift over the last two decades. This review
outlines the transition from cytotoxic "mummification” techniques (Formocresol) to bioactive, biocompatible, and

regenerative approaches (MTA, Biodentine, and Lasers), analyzing their clinical efficacy and biological plausibility.
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INTRODUCTION

Pulpotomy involves the surgical amputation of the
infected coronal pulp tissue, followed by the
application of a medicament to the remaining
radicular pulp to promote healing or fixation. It is the
indicated treatment for carious or traumatic exposure
in vital primary teeth where inflammation is confined
to the coronal portion(1,2).

Criteria for Success

e Clinical: Absence of pain, swelling, fistula, or
abnormal mobility.

e Radiographic: Normal periodontal ligament
space, absence of furcation involvement, and no
pathologic root resorption.

THE HISTORICAL
FORMOCRESOL (FC)
Introduced by Buckley in 1904, Formocresol was
considered the "Gold Standard" for nearly a century.

e  Mechanism: It fixes the tissue (mummification),
creating a zone of fixation, a zone of coagulative
necrosis, and a zone of vital tissue apically(3).

e Current Status: Despite high clinical success
rates (90-97%), its use has declined significantly

BENCHMARK:

due to concerns regarding carcinogenicity,
mutagenicity, cytotoxicity, and potential
immune sensitization. The International Agency
for Research on Cancer (IARC) classifies
formaldehyde (a component of FC) as a known
human carcinogen(4,5).

PHARMACOLOGICAL ADVANCEMENTS:

THE SEARCH FOR BIOCOMPATIBILITY

As safety concerns regarding FC grew, the focus

shifted toward medicaments that preserve vitality

rather than fixating it.

A. Ferric Sulfate (FS)

e Mechanism: A hemostatic agent that forms a
ferric ion-protein complex, mechanically sealing
blood vessels to control haemorrhage. It does not
have a direct biological effect on the pulp tissue
itself.

e Advantages: Non-toxic, rapid application, and
inexpensive.

e Limitations: Studies have shown slightly higher
rates of internal resorption compared to FC,
though  clinical  retention rates  remain
comparable.

73

Journal of Advanced Medical and Dental Sciences Research |Vol. 13| Issue 12| December 2025


about:blank

Naqvi S et al.

B. Glutaraldehyde

Proposed as a milder fixative than FC. It causes rapid
surface fixation with less systemic penetration.
However, due to its instability and continued
cytotoxicity, it has largely fallen out of favor in
routine practice(6).

THE BIOACTIVE REVOLUTION: CALCIUM

SILICATES

The most significant advancement in pulpotomy

therapy is the introduction of bioactive materials that

induce hard tissue formation (dentin bridges).

A. Mineral Trioxide Aggregate (MTA)

MTA is currently considered the new biological gold

standard.

e Composition: Tricalcium silicate, dicalcium
silicate, tricalcium aluminate, and bismuth oxide.

e Mechanism: It creates a high pH environment
(bacteriostatic) and releases calcium ions,
stimulating cytokine release that promotes
odontoblastic differentiation and a thick dentin
bridge formation.

e Evidence: Systematic reviews consistently show
MTA has higher clinical and radiographic success
rates than Formocresol.

e Drawbacks: High cost, potential for tooth
discoloration (graying), and difficult handling
characteristics(7,8).

B. Biodentine (Dentin Replacement Material)

Often referred to as "Bio-active dentin substitute."

e Advancement over MTA:Biodentine was
developed to overcome MTA's shortcomings. It
sets faster (approx. 12 minutes) and has better
handling properties(9).

e Clinical  Performance: Studies indicate
Biodentine exhibits success rates comparable to
MTA. It is mechanically stronger and less likely
to cause discoloration due to the use of Zirconium
Oxide as a radiopacifier instead of Bismuth
Oxide(10).

C. Calcium Enriched Mixture (CEM)
A bioactive cement similar to MTA but with a
different chemical composition (resembling natural

tooth structure). It offers good handling, creates an
effective seal, and promotes dentin bridge formation.

NON-PHARMACOLOGICAL
TECHNOLOGICAL ADVANCEMENTS
A. Laser Pulpotomy

The use of Light Amplification by Stimulated

Emission of Radiation (LASER) is gaining popularity

as a non-chemical alternative.

e Types:Nd:YAG, Er:YAG, CO2,
lasers.

e Mechanism: Lasers create a superficial zone of
coagulation necrosis for hemostasis and sterilize
the wound surface without penetrating deep into
the radicular pulp.

e Outcome: High success rates comparable to FC
and FS, with the added benefit of being a
"touchless" and sterile technique(11,12).

AND

and Diode

B. Electrosurgery

Utilizes radiofrequency energy to cut and coagulate
soft tissue. While effective for hemostasis, extreme
care is required to avoid heat generation that could
damage the alveolar bone or cause root resorption.

FUTURE
BIOLOGY
A. Platelet Rich Fibrin (PRF)

PRF is an autologous immune-platelet concentrate.

e Concept: It releases growth factors (PDGF,
TGF-$\beta$, VEGF) that enhance tissue healing
and regeneration.

e Current Status: While promising in producing
healthy pulp tissue response, the technique is
sensitive and requires drawing blood from the
pediatric patient, which can be a behavior
management challenge.

DIRECTIONS: REGENERATIVE

B. Stem Cells

Research is ongoing into using SHED (Stem cells
from Human Exfoliated Deciduous teeth) to
regenerate the entire pulp-dentin complex, moving
beyond amputation toward total revitalization(13).
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STAGES OF TOOTH DECAY
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Figure 1. Stages of Tooth Decay

Table 1. COMPARATIVE SUMMARY OF MATERIALS(14)

Material Mechanism Success Key Advantage Key Disadvantage
Formocresol Fixation/Devitalization E?gtﬁ Long history Cytotoxic/(_:arcinogenic
Ferric Sulfate Hemostasis Mod}erate— Quick, Easy Internalrsgsorption

MTA Regeneration (Bridge) Veglﬁ]igh Biocompatible, Cost, Discoloration
Biodentine Regeneration (Bridge) | Very High | No staisne,allzast set Cost
Lasers Coagulation/Sterilization High Bactericidal Equipment cost
CONCLUSION 5. American Academy of Pediatric Dentistry. Pulp

The field of pediatric pulpotomy has moved from
preservation of the tooth (via mummification) to
preservation of the pulp (via regeneration).While
Formocresol served the profession well for decades,
the biological superiority of Calcium Silicate-based
materials (MTA and Biodentine) is undeniable(15).
These materials offer the best combination of clinical
retention and histological health. Clinicians should
prioritize these bioactive materials to ensure the
highest standard of care, reserving older fixative
techniques for specific cases where cost or isolation
difficulties preclude newer methods.
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