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be designed under the understanding of physical-chemical bases to 
get its best performance, i.e. the longest possible sustained release of 
Ca++ and OH-.

The control paste: a contender of equal weight
The CH-SRS are usually compared to a control paste made 

of pure CH and PEG or PPG. It is expected that the CH-SRS will 
keep an ion release for a time longer than that one produced by the 
paste, because the SRS protects the CH against the apical fluids at the 
same time that undergoes a slow degradation promoting a sustained 
release. The superiority of the CH-SRS will be easy to prove if the 
system competes against a paste made of PEG or PPG that releases 
the total loading of CH in a time as short as 1 week [4]. The CH-SRS 
will be even more superior if it loads a mass of CH higher to the mass 
charged in the control paste, evidently under that condition the ion 
release originated from the control might finish sooner. To avoid that 
possible bias, the control paste must have a CH loading similar to that 
of the CH-SRS, in that way, the behavior of the ion sustained release 
will be determined by the physical-chemical properties of the matrix 
entrapping the CH, but not for the amount of CH. 

The sustained release: how long should last a sustained 
release of CH?

From a clinical point of view, there is no a specific time for keeping 
the Ca++and OH- in the apical zone to induce the apical closure; the 
time will be determined by the clinical conditions of the treatment. But 
regarding the purpose of reducing the number of inter-appointments 
replacements of the CH, it is expected that a CH-SRS must maintain 
the release of ions for the longest possible time. It raises the question: 
how long should be the ideal time for evaluating the sustained release 
of the CH in a SRS? Some authors have suggested that 30 days is a 
time enough to investigate the sustained release of CH [3, 4], however 
1 month is somewhat limited. For example, a CH-SRS might show 
a biphasic release ratio at a longer time and that behavior would be 
unnoticed if the evaluation stops at 1 month. The author’s opinion is 
that the ion release must be evaluated until observe the total release of 
the CH from the control paste as well as from the CH-SRS. Otherwise, 
the comparison between the control and the experimental carrier 
might be misinterpreted. Studies have claimed the efficiency of a gel 
loaded with CH because a release of ions was observed until the end of 
the experiment, but they ignored that the control released its ions for 
the same time [3, 5]. Moreover, studies reported that micro particles 
and a control paste released about 95% and about 70% of its content 
of Ca++ at the end of the experiment, respectively [6]. In that case, 
one might expect that if the study will continue, the control paste will 
show a sustained release longer than the sustained release originated 
from the micro particles. Thus, only the depletion of the CH in the 
carrier will show the real capability of the SRS facing a control paste. 

Introduction
Calcium Hydroxide (CH) is a biomaterial widely used for 

apexification. Inducing an apical closure requires the presence 
of CH for obtaining calcium ions (Ca++) and hydroxide ions (OH-

) to promote the activity of cells producing a mineral matrix at the 
apical zone, and to induce an alkaline environment favoring the 
formation of mineral tissue [1]. For apexification, the CH is usually 
mixed with Polyethylene Glycol (PEG) or Propylene Glycol (PPG) to 
make a simple paste to be placed in the immature root canal. Those 
polymeric vehicles promote a slow release of CH, indeed a PEG- or 
PPG-based paste behaves as a Sustained Release System (SRS) [2]. 
However, the paste will vanish in the fluids at the apical zone because 
the PEG and PPG are highly Water-Soluble Polymers (WSP), thus its 
replacement is required several times. To solve that inconvenience, 
studies have proposed the use of complex vehicles such as gels or 
micro particles formulated with WSP to release the ions for a time 
longer than that one performed by a paste. The CH-SRS have a great 
potential for clinical use. But studies on the topic have showed faults 
of the formulation of the systems as well as of the evaluation of the 
ion sustained release, as result they reported unreliable evidence of 
the advantage of the CH-SRS over the CH pastes. This perspective 
discusses 3 key points to improve the exploration of CH-SRS. 

The vehicle: more than a viscous matter
It is accepted that the ideal vehicle for CH must be a viscous 

matrix promoting a slow release of Ca++ and OH- [2]. But choosing 
a vehicle only because of the viscosity property might be a mistake. 
For instance, the chitosan has been explored as a vehicle gel on the 
basis of its ability to be highly viscous when it is dissolved in 2% 
acetic acid [3]. But it has been ignored the acetic acid causes the 
protonation of the chitosan, and the repulsive electrostatic forces 
between the cationic polymer and Ca++ might compromise the 
entrapment and release of the CH in the gel. Formulating a CH-SRS 
must involve more than the issue of viscosity, other characteristics of 
the carrier must be well considered, such as the electrical charge, the 
molecular weight, the degradability, and the hydrophobicity. Those 
properties impact on the interaction between the CH and the carrier, 
consequently they affect on the release of the ions. A CH-SRS must 
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Conclusion
The CH-SRS are very attractive as an alternative to the use of 

a CH paste for apexification. But to date, it is unclear if they show 
advantages over the pastes. Concerns about the design and evaluation 
of the CH-SRS must be solved to obtain reliably conclusions about 
the performance of those carriers. 

References
1. Mohammadi Z, Dummer PM. Properties and applications of Calcium 

Hydroxide in endodontics and dental traumatology. Int Endod J. 2011; 44: 
697-730.

2. Fava LR, Saunders WP. Calcium Hydroxide pastes: classification and clinical 
indications. Int Endod J. 1999; 32: 257-282.

3. Ballal NV, Shavi GV, Kumar R, Kundabala M, Bhat KS. In vitro sustained 
release of calcium ions and pH maintenance from different vehicles containing 
calcium hydroxide. J Endod. 2010; 36: 862-866.

4. Cerda-Cristerna BI, Breceda-Leija A, Mendez-Gonzalez V, Chavarria-
Bolaños D, Flores-Reyes H, Garrocho-Rangel A, et al. Sustained release of 
Calcium Hydroxide from poly(DL-lactide-co-glycolide) acid microspheres for 
apexification; Odontology. 2015.

5. Grover C, Shetty N. Evaluation of calcium ion release and change in pH on 
combining Calcium Hydroxide with different vehicles. Contemp Clin Dent. 
2014; 5: 434-449.

6. Han B, Wang X, Liu J, Liang F, Qu X, Yang Z, et al. The biological performance 
of calcium hydroxide-loaded microcapsules. J Endod. 2013; 39: 1030-1034.

Citation: Cerda-Cristerna BI. Research on Sustained Release Systems for Calcium Hydroxide: 3 Key Points to 
Improve for Avoiding Fast Conclusions. J Dent & Oral Disord. 2016; 2(7): 1034.

J Dent & Oral Disord - Volume 2 Issue 7 - 2016
ISSN: 2572-7710 | www.austinpublishinggroup.com 
Cerda-Cristerna. © All rights are reserved

http://www.ncbi.nlm.nih.gov/pubmed/21535021
http://www.ncbi.nlm.nih.gov/pubmed/21535021
http://www.ncbi.nlm.nih.gov/pubmed/21535021
http://www.ncbi.nlm.nih.gov/pubmed/10551118
http://www.ncbi.nlm.nih.gov/pubmed/10551118
http://www.ncbi.nlm.nih.gov/pubmed/20416434
http://www.ncbi.nlm.nih.gov/pubmed/20416434
http://www.ncbi.nlm.nih.gov/pubmed/20416434
http://www.ncbi.nlm.nih.gov/pubmed/26175086
http://www.ncbi.nlm.nih.gov/pubmed/26175086
http://www.ncbi.nlm.nih.gov/pubmed/26175086
http://www.ncbi.nlm.nih.gov/pubmed/26175086
http://www.ncbi.nlm.nih.gov/pubmed/25395755
http://www.ncbi.nlm.nih.gov/pubmed/25395755
http://www.ncbi.nlm.nih.gov/pubmed/25395755
http://www.ncbi.nlm.nih.gov/pubmed/23880271
http://www.ncbi.nlm.nih.gov/pubmed/23880271

	Title
	Introduction
	The vehicle: more than a viscous matter
	The control paste: a contender of equal weight
	The sustained release: how long should last a sustained release of CH?

	Conclusion
	References

