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Abstract

Aim: This study aimed to assess the histological outcomes of mineral trioxide aggregate (MTA) pulpotomy as an alternative
treatment for irreversible pulpitis in human teeth. A total of 20 teeth, obtained from patients aged 15-30 years, were included
in the study. The teeth were selected based on specific criteria, which included the presence of carious lesions with pulp
exposure and a history of persistent pain. Following isolation of the teeth, caries removal, and pulp exposure, MTA was
employed in the pulpotomy procedure.

Methods: The patients in this study were monitored for pain symptoms 24 hours after the pulpotomy procedure. Unfortunately,
4 patients were lost to follow-up and their data could not be included in the final analysis. However, recall examinations of the
remaining patients confirmed that none of them reported any pain after the pulpotomy treatment. The histological examination
revealed that all the samples exhibited complete dentin bridge formation, indicating a successful healing response.
Furthermore, the pulps of these teeth appeared to be vital and devoid of any signs of inflammation.

Results: The biocompatibility and ability of MTA to stimulate reparative processes, enhanced sealing properties, and
potentially bactericidal effects contribute to the potential for long-term success in preserving pulp vitality and promoting the
overall health of the tooth. In our current investigation, the pulpotomy procedures conducted using MTA on teeth with carious
exposures exhibited a 100% success rate during the entire 24-month follow-up period.

Conclusion: The results of this study underscore the importance of selecting the appropriate material for vital pulpotomy
procedures. MTA emerges as a highly reliable choice, demonstrating excellent success rates and favorable treatment outcomes.

Keywords: Mineral trioxide aggregate (MTA), Pulpotomy.

INTRODUCTION

Pulpotomy is defined as the surgical removal of a small portion of the vital, coronal pulp to preserve the vitality
of the remaining radicular pulp tissue. Historically, various materials such as ivory, gold-beaters skin, oiled skin,
paper, plaster of Paris, Canada Balsam, asbestos, gutta-percha, lactophosphate of lime, oxychloride,
oxyphosphate, and oxyxulphate of zinc cement have been used in the pulpotomy procedure. In pulpotomy, a
biocompatible or bio-inductive material is placed over the exposed tissue. 2 Formocresol, which was previously
the material of choice (considered the gold standard) for pulpotomy procedures due to its ease of use, has been
discouraged due to its potential immune sensitization and mutagenic effects. In response to these concerns,
alternative medicaments have been explored, resulting in varied clinical, radiological, and histological success
rates. Some of the alternative medicaments that have been tried include glutaraldehyde, ferric sulfate, mineral
trioxide aggregate (MTA), bone morphogenic proteins, dentin bonding agents, enamel matrix derivatives, freeze-
dried bone, growth factors, as well as various techniques such as electrosurgery and lasers. MTA has shown
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promising characteristics for vital pulp therapy. It possesses the ability to stimulate cytokine release from bone
cells, indicating its active role in promoting hard tissue formation and providing an enhanced seal over the vital
pulp. Moreover, MTA exhibits superior biocompatibility, excellent sealing ability, and has been reported to induce
dentinal bridge formation. Compared to other materials used in pulp therapies, MTA is relatively less cytotoxic.
As research and advancements continue in the field of vital pulp therapy, the exploration of alternative materials
and techniques remains crucial for improving outcomes and ensuring the preservation of pulp vitality. ¢

MATERIALS AND METHODS

The study included the extraction of 20 mandibular and maxillary molars from patients aged 15-30 years for
orthodontic reasons. The selection criteria focused on cases with bleeding exposed pulp beneath a large carious
lesion, accompanied by a history of spontaneous and lingering pain, but without clinical signs of pulp necrosis.
All patients were in good medical health, and thorough assessments, including percussion and pulpal vitality tests,
as well as radiographic examinations, were conducted to establish a pulpal diagnosis. Prior to the procedure,
patients were fully informed about potential complications and provided their informed consent. To initiate the
treatment, the teeth were anesthetized with Lidocaine 2% and adrenalin 1/80000. Rubber dam isolation was then
applied, and the inflamed pulp tissue was removed using a large round bur in a low-speed air motor, with
continuous irrigation using normal saline. Hemostasis was achieved by irrigating the cavity with sterile normal
saline and applying sterile cotton pellets. The pulpal wound, free of blood clots, was then covered with a layer of
approximately 2 mm thick mineral trioxide aggregate (MTA). According to the manufacturer's instructions, MTA
powder was mixed with saline at a ratio of 3:1 and applied over the pulpal wound using a plastic instrument. The
MTA was further protected with a wet cotton pellet and sealed with reinforced zinc oxide-eugenol cement. After
24 hours, patients were assessed for any discomfort or tenderness from the treated tooth. The temporary restoration
of MTA was completely removed, and a permanent amalgam restoration was placed. Over a period of 3 months,
a total of 20 teeth were eventually extracted. Following the extractions, the apical portion of each tooth was
immediately resected, and the samples were preserved in 10% buffered formalin (pH 7.2) for 10 days before
further processing for light microscopy. The samples underwent decalcification in 10% formic acid for 25 days,
followed by immersion in increasing concentrations of alcohol, clearing in methylsalicylate, and embedding in
paraffin. Serial sections of approximately 6 mm thickness were cut mesiodistally through the canal orifices and
stained with hematoxylin and eosin. Prior to sectioning, the amalgam was carefully removed. Subsequently, an
oral and maxillofacial pathologist examined the samples using a light microscope. The analysis included
evaluating the presence of hard tissue bridges, the type and location of inflammation, the presence of necrosis,
hyperemia, calcification (excluding the bridge area), and the regrowth of odontoblast cells.

RESULTS

All 20 patients included in the study were diagnosed with irreversible pulpitis, characterized by carious pulp
exposure in their molars. None of the patients reported discomfort or tenderness at the follow-up appointment,
which took place the day after the pulpotomy procedure. Unfortunately, 4 patients could not be contacted for the
final recall at the 2-month mark, so their post-procedure pain history remains unknown. The evaluation was based
on 16 cases, accounting for 80% of the initial sample. The patients' ages ranged from 15 to 30 years, with an
average age of 22 years. The teeth exhibited normal physiological mobility, and percussion and tenderness tests
conducted before extraction yielded negative results. Histological observations of the sections revealed complete
dentin bridges in all cases assessed. The formed dentin bridges exhibited minimal cellular inclusions, indicating
favorable outcomes. One case showed a tunnel defect, but it was effectively sealed off from the pulp. In another
case, a dentin bridge was present, but there was a thick superficial necrosis zone between the bridge and the MTA
material. However, no evidence of pathosis or necrosis was observed across any of the cases. The tissue reactions
were highly favorable, with normal pulp tissue displaying no hyperemia or presence of inflammatory cells. There
were no signs of internal resorption, calcification outside the bridge area, or pulp necrosis. Additionally, a nearly
regular odontoblastic layer was consistently noted in all cases, indicating the ongoing vitality of the pulp tissue
(Table 1). These findings suggest that the pulpotomy procedure utilizing MTA as a material for covering the
pulpal wound yielded positive outcomes in terms of dentin bridge formation, tissue reactions, and the overall
health of the pulp. The absence of adverse histological findings, such as necrosis or inflammation, further supports
the effectiveness and biocompatibility of the treatment approach.
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Table 1

Indications

Complete dentin bridge formation 100%
Superficial necrosis 6.25%
Pathosis 0%
Inflammation 0%
Hyperemia 0%
Internal resorption 0%
Formation of odontoblastic layer 93.75%

DISCUSSION

Dentists frequently perform vital pulp-therapy procedures, such as pulp capping and pulpotomy, often on a weekly
basis. These procedures are typically taught in dental school as temporary treatments for teeth with carious or
mechanical exposure. However, there is growing evidence suggesting that vital pulp therapy treatments can have
permanent outcomes. With a sufficient amount of vital tissue remaining in the pulp, some experts, like Stanley,
have advocated for the successful performance of pulp-capping procedures on asymptomatic carious exposures.
This viewpoint was further supported by a clinical study conducted by Haskell et al., which demonstrated that
asymptomatic carious exposures could survive for an average of 12 years after pulp capping. The continuous
development of newer materials with biocompatible, bactericidal, and reparative-inducing properties, along with
improved sealing capabilities, may further contribute to the long-term success of these treatments. Among the
recent advancements in materials, mineral trioxide aggregate (MTA) has emerged as a promising option. MTA
possesses well-established properties that make it highly desirable for vital pulp therapy procedures. Firstly, MTA
exhibits excellent sealing ability, surpassing that of amalgam or Super-EBA, and is not affected by blood
contamination. Secondly, it is relatively less cytotoxic compared to materials like IRM or Super-EBA. Lastly,
MTA has a high pH of 12.5, suggesting potential bactericidal properties, further enhancing its therapeutic benefits.
The introduction of MTA and other innovative materials addresses the need for improved outcomes in vital pulp
therapy. Their biocompatibility, ability to stimulate reparative processes, enhanced sealing properties, and
potentially bactericidal effects contribute to their potential for long-term success in preserving pulp vitality and
promoting the overall health of the tooth. Continued research and development in this field are crucial for
advancing the efficacy and longevity of vital pulp-therapy procedures &81)- The choice of material for vital
pulpotomy procedures has a significant impact on the overall prognosis of the treatment. Various studies have
reported clinical and radiological success rates for mineral trioxide aggregate (MTA) pulpotomy ranging from
66.6% to 100%. In the present study, pulpotomy procedures performed with MTA on cariously exposed teeth
demonstrated a 100% success rate throughout the 24-month follow-up period. It is worth noting that a previous
study, which employed the same definition of exposure as the current study, also reported a 100% success rate for
MTA pulpotomies performed on teeth with carious exposure %8 During pulpotomy procedures, where a portion
of the coronal pulp is removed, vascular changes occur within the pulp tissue. In a study by Kishi et al., these
changes were described as follows: Following the placement of a material against the pulp, a concave region is
formed, resulting from the compression caused by the material. Around this concave region, a flat and dense
capillary network develops. After two weeks, the concave region becomes shallower, and a flat capillary network
extends across the floor of the region, with a few bridges beginning to form. At four weeks post-pulpotomy, the
bridge thickens, and a dense capillary network form beneath it. After eight weeks, the vascular network beneath
the bridge exhibits similar features to the three layers observed in a normal pulpal network. 9

CONCLUSION

These findings highlight the effectiveness of MTA as a material for vital pulpotomy. The consistently high success
rates observed in this study and the previous research suggest that MTA provides optimal outcomes in terms of
preserving pulp vitality and promoting long-term tooth health. The biocompatibility and sealing properties of
MTA, along with its potential bactericidal effects and ability to stimulate reparative processes, contribute to its
superior performance as a pulpotomy material. The results of this study underscore the importance of selecting
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the appropriate material for vital pulpotomy procedures. MTA emerges as a highly reliable choice, demonstrating
excellent success rates and favorable treatment outcomes.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Mercedes S. Dominguez, David E. Witherspoon, James L. Gutmann, Lynne A. Opperman, Histological and Scanning Electron
Microscopy Assessment of Various Vital Pulp-Therapy Materials, Journal of Endodontics, 2003; 29(5): 324-333.

Grossman LI. Root canal therapy. 4th ed. Philadelphia: Lea & Febiger, 1955.

Satyarth S, Alkhamis AM, Almunahi HF, Abdulaziz Alsuhaymi MO, Vadde HB, Senapathi SN, Shami AO, Aldrewesh RF, Nayyar AS.
Comparative Evaluation of Mineral Trioxide Aggregate Pulpotomy and Laser-Assisted Mineral Trioxide Aggregate Pulpotomy: An
Original Research Article. J Microsc Ultrastruct. 2021 Feb 9;9(1):7-11.

Peng L, Ye L, Guo X, Tan H, Zhou X, Wang C, et al. Evaluation of formocresol versus ferric sulphate primary molar pulpotomy: A
systematic review and meta-analysis. Int Endod J. 2007; 40:751-7.

2. Holan G, Eidelman E, Fuks AB. Long-term evaluation of pulpotomy in primary molars using mineral trioxide aggregate or
formocresol. Pediatr Dent. 2005; 27:129-36.

3. Saltzman B, Sigal M, Clokie C, Rukavina J, Titley K, Kulkarni GV. Assessment of a novel alternative to conventional formocresol-
zinc oxide eugenol pulpotomy for the treatment of pulpally involved human primary teeth: Diode laser-mineral trioxide aggregate
pulpotomy. Int J Paediatr Dent. 2005; 15:437-47.

4. Smail-Faugeron V, Courson F, Durieux P, Muller-Bolla M, Glenny AM, Fron Chabouis H. Cochrane Database Syst Rev
2014:CD003220. Pulp treatment for extensive decay in primary teeth. doi: 10.1002/14651858. CD003220.pub2. Update in: Cochrane
Database Syst Rev. 2018 May 31;5:CD003220. PMID: 25099759.

Stanley HR. Pulp capping: conserving the dental pulp—can it be done? Is it worth it? Oral Surg Oral Med Oral Pathol 1989; 68:628—39.
Torabinejad M, Hong CU, McDonald F, Pitt Ford TR. Physical and chemical properties of a new root-end filling material. J Endodon
1995;21: 349-53.

Haskell EW, Stanley HR, Chellemi J, Stringfellow H. Direct pulp capping treatment: a long-term follow-up. J Am Dent Assoc 1978;
97:607-12.

Torabinejad M, Higa RK, McKendry DJ, Pitt Ford TR. Dye leakage of four root end filling materials: effects of blood contamination. J
Endodon 1994; 20:159-63.

Celik B N, Mutluay M S, Volkan A, Saziye S. The evaluation of MTA and Biodentine as a pulpotomy materials for carious exposures
in primary teeth. Clinical oral investigations 2018.

Ozdemir Y, Kiitiikgiiler N, Topaloglu-Ak A, Kése T, Eronat C (2015) Comparative evaluation of pro-inflammatory cytokine levels in
pulpotomized primary molars. J Oral Sci 57:145-150

Sénmez D, Sart S, Cetinbas T (2008) A comparison of four pulpotomy techniques in primary molars: a long-term follow-up. J Endod
34:950-955

Akcay M, Sari S (2014) The effect of sodium hypochlorite application on the success of calcium hydroxide and mineral trioxide
aggregate pulpotomies in primary teeth. Pediatr Dent 36:316-321

Doyle TL, Casas MJ, Kenny DJ, Judd PL (2010) Mineral trioxide aggregate produces superior outcomes in vital primary molar
pulpotomy. Pediatr Dent 32:41-47

Ibricevic H, Al-Jame Q (2000) Ferric sulfate as pulpotomy agent in primary teeth: twenty-month clinical follow-up. J Clin Pediatr Dent
24:269-272

Smail-Faugeron V, Courson F, Durieux P, Muller-Bolla M, Glenny AM, Fron Chabouis H (2014) Pulp treatment for extensive decay in
primary teeth. Review. Cochrane Database Syst Rev 8:CD003220.

Kishi Y, Shimozato N, Takahashi K. Vascularization after pulpotomy. Proc Finn Dent Soc 1992; 88:487-90.

- Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 10 | 2022 @




