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ABSTRACT

Regenerative endodontics is a growing field that enables the completion of root development in necrosed immature tooth. The procedure involves
disinfection of the root canal with copious irrigation and an efficient intracanal medicament followed by induced bleeding in the canal to attract the
stem cells as well as growth factors and formation of scaffold to support the formation of pulp-dentine complex. In regenerative endodontic
procedure, disinfection phase of the root canal seems to be very crucial for the success of the treatment. The most commonly used intracanal
medicament were antibiotic pastes and calcium hydroxide. Studies suggest that calcium hydoxide intracanal medicament gave acceptable clinical
outcomes but still some factors needs to be assessed before considering calcium hydroxide as intracanal medicament. The present review aims to
address the effects of calcium hydroxide(CH) on various factors affecting the success of regenerative endodontic treatment.
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INTRODUCTION:

Treatment of immature teeth with open apices and blunderbuss canals
present a myriad of challenges to clinicians. The intricate process of
canal cleaning and shaping is compounded by the delicate nature of the
thin walls, which are prone to fracturing during filing. Regenerative
endodontics(RE) is currently considered the preferred treatment for
incompletely developed teeth due to the benefits it offers in terms of
root development. This includes root lengthening and increased root
dentin wall thickening, resulting in enhanced tooth resistance
compared to conventional apexification techniques using calcium
hydroxide or MTA which fail to achieve increased dentin wall
thickness or root lengthening.' The proper disinfection of the root
canals is paramount in the field of regenerative endodontics. During
the disinfection phase of the root canal system, antibiotic pastes and
calcium hydroxide have been utilized. Triple antibiotic paste(TAP),
comprising metronidazole, ciprofloxacin, and minocycline, induces
coronal discoloration due to minocycline. Consequently, the
traditional triple antibiotic paste has been refined into a double
antibiotic paste or by substituting minocycline with alternative
antibiotics like amoxicillin, clindamycin, doxycycline, or
cephalosporins. Additionally, calcium hydroxide has been integrated
to supplant antibiotic pastes during the disinfection phase of the
regenerative technique.”

However, there is a paucity of published studies comparing the
efficacy of antibiotic pastes or calcium hydroxide as intracanal
medicaments in the disinfection of the root canals in regenerative
endodontic procedures. An efficient infection control, ensuring the
uninterrupted cellular functions crucial for regeneration, stands as a
pivotal factor in achieving treatment success concerning root
development. The present article aims to explore the effects of using
calcium hydroxide(CH) as intracanal medicament on various factors
affecting the success of regenerative endodontic treatment.

Antimicrobial Aspect Of Calcium Hydroxide:

Calcium hydroxide is a potent alkaline substance with a pH range of
12.5-12.8. The elevated pH level, coupled with the disassociation of
calcium hydroxide into Ca+and OH- ions, confers upon it antibacterial
properties.’ These hydroxide ions (OH-) disrupt the integrity of the
cytoplasmic membrane, inhibit bacterial enzyme activity, induce
protein denaturation, cause DNA damage leading to replication
inhibition, and deactivate endotoxins. Calcium dihydroxide exhibits a
low dissociation coefficient (0.17), a favorable characteristic enabling
sustained release of Ca2+ and OH— over an extended period. A
duration of seven days appears adequate for achieving a significant
reduction in bacterial colonization within the root canal, ultimately
resulting in negative culture status.’

However, the antibacterial efficacy of CH further diminished by
remnants of pulp necrosis, acidic bacterial byproducts and phosphates
derived from the hydroxyapatite of the dentin and inflammatory
exudates impede the diffusion of H+ and OH- ions, swiftly
normalizing its pH levels. Furthermore, calcium hydroxide lacks
efficacy in combating Enterococcus faecalis.’

This was further ascertained in a study done by Zancan et al., where
they compared the pH, solubility, and antimicrobial efficacy of
Calcium Hydroxide Paste (CH), Double Antibiotic Paste (a
combination of metronidazole and ciprofloxacin - DAP), Calcium
Hydroxide combined with DAP (CH/DAP), and Triple Antibiotic
Paste (a mixture of metronidazole, ciprofloxacin, and minocycline -
TAP). Both CH and CH/DAP exhibited no significant deviation in
antimicrobial activity against E. faecalis biofilm when compared to the
Control group. DAP is recommended for eradicating E. faecalis within
biofilms due to its antimicrobial potency similar to TAP. The addition
of Calcium Hydroxide to DAP notably diminished its antimicrobial
effectiveness. Despite its low solubility and elevated pH levels, the CH
paste demonstrated modest antimicrobial activity against E. faecalis
within biofilms.’

In contrast, a study conducted by Pereira et al., compared the in vitro
intradentinal antimicrobial efficacy of the calcium hydroxide and tri-
antibiotic pastes. The results revealed no statistically significant
difference between the two groups. Consequently, they deduced that
both the tri-antibiotic paste and the calcium hydroxide paste exhibit
equivalent effects on intra-tubular decontamination against E. faecalis.
Nonetheless, they favored the calcium hydroxide paste for dentinal
decontamination in regenerative procedures due to its numerous
advantages.” Apart from this, the in-vivo application of calcium
hydroxide for disinfecting the root canal in regenerative endodontics
has been extensively researched in the literature and yielded favorable
outcomes.””"""" We suggest that calcium hydroxide can be used as
intracanal medicament for disinfecting root canals in RE.
Nevertheless, the clinician must consider the use of more potent
antibiotic paste in teeth having long standing infection.

Effect Of Calcium Hydroxide On Dental Stem Cells:

The intracanal medicaments utilized in Regenerative Endodontic
Procedures (REPs) must be chosen not solely for their antimicrobial
properties, but also for their capacity to facilitate or even stimulate the
survival, proliferation, and differentiation of the dental stem cells.
Presently, the most frequently used intracanal medicaments employed
in REPs include antibiotic combination paste (TAP) and calcium
hydroxide.”

Earlier, the use of calcium hydroxide as an intra-canal medicament was
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discouraged due to concerns regarding its potential deleterious effects
on remaining viable pulp cells, including essential stem and progenitor
cells in the dental pulp tissue and/or apical papilla crucial for
subsequent root maturation.™*"” According to a study conducted by
Nosrat et al., it appears that the alkaline nature of calcium hydroxide
leads to the denaturation of proteins and has the potential to induce
necrosis of apical tissue."

However, in a recent study conducted by Ruparel NB et al., the impact
of various intracanal medicaments on the viability of human Stem
Cells from Apical Papilla was examined. The research revealed that
elevated concentrations of antibiotics in triple antibiotic paste had an
adverse effect on the survival of Human Stem Cells from Apical
Papilla (SCAP). Conversely, lower concentrations of triple antibiotic
paste and CH, across all tested levels, were found to support the
survival and proliferation of SCAP."” This observation was
corroborated by Althumiary RI et al.,” who noted that triple antibiotic
paste or double antibiotic paste typically contained a concentration of
1000mg/ml when utilized in a clinical paste form. This heightened
concentration exhibited a lethal impact, impeding the survival of
SCAP and Dental pulp stem cells(DPSCs)". However, this detrimental
effect of triple antibiotic paste or double antibiotic paste could be
mitigated by reducing the concentration of these medicaments by 1
mg/ml. Achieving such a lower concentration of triple antibiotic paste
in a clinical setting is only feasible when it is administered in a solution
form rather than a paste form. Additionally, it was suggested that CH
fosters the survival and proliferation of SCAP."

The complete eradication of intracanal medicaments from the root
canal system has been deemed unattainable,” and the influence of the
remnants of these medicaments on stem cells appears to be pivotal. The
study conducted by Gougousis et al. examined the impact of residual
amounts of intracanal medicament on the viability of cells on root
canal dentin. Their findings indicated that stem cells cultivated on root
canal surfaces treated with calcium hydroxide exhibited superior
quality compared to those grown on surfaces treated with the triple
antibiotic paste. Cells cultured in a substrate containing remnants of
calcium hydroxide displayed enhanced morphology with widened
structures and more pronounced cores, characteristics that enhance
their survival, proliferation, and potential for differentiation.” The
growth of cells could be because of the release of growth factors from
the dentin by alkaline hydrolysis. Also, studies suggested that CH
improved cellular attachment to dentine and release of Tissue growth
factor-beta (TGF-B1) and thus helps in dentine regeneration.” It can be
deduced that CH and lower concentration of antibiotic paste both has a
proliferative effect on dental stem cells.

Effect Of Calcium Hydroxide On Root Development:

In the history of regenerative endodontics, disinfection using calcium
hydroxide gave successful results in root development."**'*" The use
calcium hydroxide as intracanal medicament in regenerative
endondontics gave comparable results in respect to the apical closure,
dental wall thickening, lengthening of the root and periapical repair
when compared to other medicaments like triple antibiotic paste or
double antibiotic paste."” However, a meta-analysis, suggests that
calcium hydroxide tends to stimulate a greater percentage of apical
closure and a lower percentage of dentin wall thickening as compared
to antibiotic pastes in which greater dentin wall thickening and lower
apical closure were found. This finding is helpful in selecting the
intracanal medicament according to the stage of root development.
Also, both calcium hydroxide and antibiotic pastes gave desirable
results in respect to the apical repair and root lengthening.' In a study,
thickening of the dentinal wall occurred apical to the level of calcium
hydroxide placement.” The placement of calcium hydroxide upto the
middle third of the root gave better results than its placement upto
apical level.” From the present review we suggest that its better to use
calcium hydroxide in cases with open apex but have sufficient dentinal
wall thickness. The immature tooth having considerable thin walls, its
preferable to use antibiotic paste.

Effect Of Calcium Hydroxide On Intracanal Calcification:

There was always a concern of intracanal calcification after
regenerative endodontic procedure when calcium hydroxide is used as
intracanal medicament. The intracanal calcifications would hinder
with the continued thickening of the dentinal walls and thus render the
root susceptible to fracture.”” The factors responsible for intracanal
calcifications are presently not known. However, the prolonged use of
calcium hydroxide was considered as one of the factors responsible for

intracanal calcifications. In a retrospective study, it has been found that
the cases medicated with calcium hydroxide exhibit high frequency of
intracanal calcifications than those TAP/DAP and concluded that the
use of calcium hydroxide and induced bleeding are contributory
factors for intracanal calcifications. The intracanal calcifications
would impair the vitality of revascularized pulp tissues and would
gravely compromise future endodontic treatment if required.” Studies
suggested that intracanal calcifications are not solely the complication
of using CH rather is a compound effect from multiple factors. The
intracanal calcification is more frequent in tooth in which necrosis
occurred because of trauma, in tooth in which bleeding was induced
rather than cases without induced bleeding.”** These factors must be
considered before selecting the intracanal medicament.

Effect Of Calcium Hydroxide On Dentine Structure:

Regenerative endodontics is a procedure that essentially requires
either minimal or no instrumentation of the dentinal walls of the root
canal, therefore, the proper disinfection needed to eliminate the root
canal bacteria solely relies upon gentle and thorough irrigation and
placement of effective antibacterial intracanal medicament. The
physical and mechanical properties of radicular dentin such as dentin
flexure strength, microhardness and root fracture resistance has been
found to be significantly reduced by the various irrigants and
medicaments used in regenerative endodontics.” A study suggested
that the microhardness reduction and superficial demineralization of
dentin was significantly higher in teeth treated with triple antibiotic
paste as compared to calcium hydroxide or lower concentration of
triple antibiotic paste used during endodontic regeneration.” However,
double antibiotic paste showed less destructive effect on the chemical
structure of dentin than calcium hydroxide.” Further, future studies are
suggested to confirm the effects on different irrigants and intracanal
medicament used in regenerative endodontic procedure on dentinal
structure.

CONCLUSION:

From the present review we conclude that calcium hydroxide gave
acceptable clinical outcome in regenerative endodontic procedures.
Yet, clinicians must consider all the factors before selecting intracanal
medicaments such as type and duration of infection, stage of root
development, esthetic requirement like antibiotic paste should be
avoided in anterior teeth because of risk of tooth discoloration, type
and severity of tooth injury like minor luxation injuries, such as
concussion and subluxation or severe luxation injuries such as lateral
luxation, extrusive luxation, intrusive luxation and avulsion to avoid
post-treatment complications as well as duration of intracanal
medicament used. We suggest more randomized clinical trials
comparing intracanal medicaments which will be helpful for clinicians
to select the appropriate disinfection method while planning
regenerative endodontic procedures.

REFERENCES:
1.

Baez V, Corcos L, Morgillo F, Imperatrice L, Gualtieri AF. Meta-analysis of regenerative
endodontics outcomes with antibiotics pastes and calcium hydroxide. The apex of the
iceberg. J Oral Biol Craniofac Res, 2022; 12(1): 90-98.

2. American Association of Endodontists. AAE Clinical Considerations for a Regenerative
Procedure. Available at: https://www.aae.org/specialty/wp-content/uploads/sites/2/
2018/06/ConsiderationsForRegEndo_AsOfApril2018.pdf.

3. Chueh LH, Ho YC, Kuo TC, Lai WH, Chen MYH and Chiang CP. Regenerative
endodontic treatment for necrotic immature permanent teeth. Journal of Endodontics,
2009;35(2): 160-164.

4. Farhad A and Mohammadi Z. Calcium hydroxide: A review. International Dental
Journal, 2005; 55(5): 293-301.

5. Namour M and Theys S. Pulp revascularization of immature permanent teeth: A review
of'the literature and a proposal of a new clinical protocol. Scientific World Journal. 2014;
737503.

6. Zancan RF, Cavenago BC, Oda DF, Bramante CM, Andrade FB, Duarte MAH.
Antimicrobial Activity and Physicochemical Properties of Antibiotic Pastes Used In
Regenerative Endodontics. Braz DentJ. 2019; 30(6): 536-541.

7. Pereira TC, Vasconcelos LR, Graeff MS, Duarte MA, Bramante CM, Andrade FB.
Intratubular disinfection with tri-antibiotic and calcium hydroxide pastes. Acta Odontol
Scand. 2017 ;75(2): 87-93.

8. Jameel S, Khan SY, Iftekhar H and Jindal MK. A comparative evaluation of
revascularization in non-vital immature anterior teeth with and without platelet-rich
fibrin in pediatric patients: An in-vivo study. International journal of scientific research,
2023;12(10):35-39.

9. Nagata Juliana Yuri, et al. Traumatized immature teeth treated with 2 protocols of pulp
revascularization. J Endod, 2014; 40(5): 606-612.

10.  Cehreli Zafer C, et al. Regenerative endodontic treatment (revascularization) of
immature necrotic molars medicated with calcium hydroxide: a case series. J Endod,
2011;37(9): 1327-1330.

11.  Chen MY-H, et al. Responses of immature permanent teeth with infected necrotic pulp
tissue and apical periodontitis/abscess to revascularization procedures. Int Endod J.
2012;45(3):294-305.

12.  Diogenes A, Henry MA, Teixeira FB, Hargreaves KM. An update on clinical
regenerative endodontics. Endod Topics, 2013;28(1): 2-23.

13. Banchs F, Trope M. Revascularization of immature permanent teeth with apical
periodontitis: new treatment protocol? ] Endod, 2004; 30: 196 -200.

| 48 |—| International Journal of Scientific Research I



Volume - 13 | Issue - 10 | October - 2024 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr
. ________________________________________________________________________________________________________________|
14.  Hargreaves KM, Geisler T, Henry M, Wang Y. Regeneration potential of the young

permanent tooth: what does the future hold? J Endod, 2008; 34: S51-S56.

15. Thomson A, Kahler B. Regenerative endodontics — biologically-based treatment for
immature permanent teeth: A case report and review of the literature. Australian Dental
Journal, 2010; 55(4): 446-452.

16. Nosrat A, Seifi A, Asgary S. Regenerative endodontic treatment (revascularization) for
necrotic immature permanent molars: A review and report of two cases with a new
biomaterial. J Endod, 2011;37(4): 562-567.

17. Ruparel NB, Teixeira FB, Ferraz CC, Diogenes A. Direct effect of intracanal
medicaments on survival of stem cells of the apical papilla. Journal of Endodontics,
2012;38(10): 1372-1375.

18.  Althumairy RI, Teixeira FB, Diogenes A. Effect of dentin conditioning with intracanal
medicaments on survival of stem cells of apical papilla. Journal of Endodontics, 2014;
40(4):521-525.

19.  Kim KW, Yassen GH, Ehrlich Y, Spolnik K, Platt JA, Windsor LJ. The effects of
radicular dentine treated with double antibiotic paste and ethylene diamine tetra acetic
acid on the attachment and proliferation of dental pulp stem cells. Dent Traumatol, 2015;
31(5):374-379.

20. Lambrianidis T, Kosti E, Boutsioukis C, Mazinis M. Removal efficacy of various
calcium hydroxide/chlorhexidine medicaments from the root canal. Int Endod J, 2006;
39(1):55-61.

21.  Gougousis K, Giannakoulas DG, Taraslia V, Agrafioti A, Anastasiadou E, Kontakiotis
EG. Number of Dental Stem Cells on Root Canal Dentin after Application of Triple
Antibiotic Paste or Calcium Hydroxide: An In Vitro Study. Eur J Dent, 2019; 13(2): 161-
165.

22. Chueh LH, Huang GT. Immature teeth with periradicular periodontitis or abscess
undergoing apexogenesis: A paradigm shift. ] Endod, 2006; 32: 1205-1213.

23. Bose Raison, PirkkaNummikoski, Hargreaves Kenneth. A retrospective evaluation of
radiographic outcomes in immature teeth with necrotic root canal systems treated with
regenerative endodontic procedures. J Endod, 2009; 35(10): 1343-1349.

24. Song M, Cao Y, Shin SJ, Shon WIJ, Chugal N, Kim RH, Kim E, Kang MK.
Revascularization-associated Intracanal Calcification: Assessment of Prevalence and
Contributing Factors. J Endod, 2017;43(12): 2025-2033.

25.  Kahler B, Kahler SL, Lin LM. Revascularization-associated Intracanal Calcification: A
Case Report with an 8-year Review. J Endod. 2018;44(12): 1792-1795.

26. Yassen GH, Eckert GJ, Platt JA. Effect of intracanal medicaments used in endodontic
regeneration procedures on microhardness and chemical structure of dentin. Restor
Dent Endod, 2015;40(2): 104-112.

27. Hassan Abd El Bary KM, Mohamed El Shafei J, Roshdy NN. Comparison of the Effect
of Calcium Hydroxide Nanoparticles Paste versus Double Antibiotic Paste Used in
Regenerative Endodontic Procedure on the Chemical Structure of Radicular Dentin (An
In Vitro study). Acta Scientific Dental Sciences, 2019: 3(8); 120-128.

I International Journal of Scientific Research |—| 49 |



