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1. Introduction

11 Properties of the material

Calcium hydroxide was introduced as a pulp capping material in the 1930s. With time, the
clinical indications for this material have grown. Today, calcium hydroxide is used in direct
and indirect pulp capping procedures as well as apexification and above all in the temporary
disinfection of root canals in endodontic treatment measures.

Calcium hydroxide [Ca(OH),)] is a white odourless powder with a molecular weight of 74.08.
It exhibits a low solubility in water (1.2 g/l) and the saturated aqueous solution has a pH of
12.46 (25 °C). The low solubility of calcium hydroxide is of clinical importance, as it is
responsible for the slow release of OH ions and the very low resorption of the material. The
main effect of calcium oxide is the ionic dissociation of Ca** and OH". The released hydroxyl
ions are the most important components of calcium hydroxide, as they are responsible for a
significant increase in the pH in the surrounding tissue and therefore stimulate the repair and
calcification of dentin. In addition, the high pH value has an antimicrobial effect.

A number of different ready-to-use calcium hydroxide formulations are commercially
available. Three different carrier substances are generally used: agueous, viscous or oil-
based formulations. According to Fava & Saunders [1], these formulations show different
release kinetics of the OH  ions. ApexCal is a viscous polyethylene glycol based paste.

1.2 Clinical indication —temporary fillings in endodontic treatment measures

Microorganisms and their products play a fundamental role in the pathogenesis of the pulp
and periapical infections. Consequently, one of the main goals of endodontic treatment is to
eliminate microorganisms and their products to the best possible extent. This is achieved by
mechanical preparation and subsequent disinfection. If a disinfectant temporary filling is
required between two treatments, calcium hydroxide is the material of choice [2,3].

The antimicrobial effect of calcium hydroxide is produced by the release of OH ions and the
subsequent increase in the pH of the surrounding dentin fluid. The pH value plays an
important part in the growth, metabolism and cell division of microorganisms. The main area
of activity of the pH is the bacterial cell membrane, which is essential for the energy supply of
bacteria. A change in the concentration of OH" ions disturbs the pH gradient at the cell
membrane and disrupts the energy supply of the bacteria, causing cells to die. Furthermore,
a high pH causes denaturation of cell membrane proteins and extra-cellular toxins. In vivo
investigations have shown that the pH value of dentin or the dentin fluid considerably
increases after the placement of a calcium hydroxide temporary filling. In these studies, the
pH of dentin close to the pulp chamber increased from 8.0 to 11.1. In peripheral areas of the
dentin the pH value reached 7.4 to 9.6, while the pH of the root cement remained unaffected
[4].

Various in vitro examinations have shown that calcium hydroxide exhibited a strong
bactericidal effect against bacteria that exist in infected root canals. In vivo investigations
have clearly shown that the application of calcium hydroxide preparations has a positive
effect on the reduction of the existing bacteria [5]. In a study conducted by de Souza et al [6],
samples were examined for 44 different strains of bacteria before and after the application of
calcium hydroxide in a checkerboard analysis. A reduction in the bacteria counts of 41 of the
44 tested strains was observed. However, calcium hydroxide was not capable of completely
eliminating the bacteria.
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13 Clinical indication — pulp capping

Direct pulp capping is indicated when a small part of a clinically healthy pulp (< 1mm?) is
accidentally exposed in non-carious dentin during cavity preparation [2,3].

The application of a highly alkaline calcium hydroxide preparation on the exposed pulp
rapidly causes superficial tissue necrosis to a depth of about 2 mm. In addition, the lactic
acid produced by osteoclasts is neutralized and alkaline phosphatase, which is involved in
the development of hard tissue is induced [3].

The necrotic zone is strictly delimited and superficial, because the bicarbonate buffer of the
blood forms a membrane of calcite, which surrounds the calcium hydroxide and protects the
pulp tissue from further diffusion of the hydroxide ions. The necrotic pulp tissue which comes
in contact with the calcium hydroxide paste shows three layers after about 24 hours: a thin
superficial zone of cauterized and compressed tissue, a thicker zone of colliquative necrosis
and a zone of varying thickness of coagulation necrosis. Vasomotor dysfunction occurs and
changes take place in the blood flow in the underlying pulp tissue. However, these effects
are reversible. At a later stage, two additional zones are formed at the pulp periphery: a zone
of agranulocytes and a layer of compressed fibrillary elements. This necrotic zone induces
the differentiation of fibroblasts towards the pulp and undifferentiated mesenchyme cells to
form hard tissue cells. These cells form a collagen fibre network. At the same time,
mineralization takes place at the necrotic zone of the pulp periphery. This initial
mineralization front influences the subsequent mineralization of collagen, while the necrotic
zone disintegrates [2,7].

Originally it was assumed that calcium hydroxide from the calcium hydroxide preparation was
involved in the formation of hard tissue. However, experiments with radioactive Ca?* ions
have shown that the calcium ions originate exclusively from the pulp tissue [8-10].
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2. Technical data

2.1 Composition

weight percent

Calcium hydroxide 29.0
Bismuth carbonate 22.0
Excipients (polyethylene glycol, glycerine, water) 49.0

2.2 pH value

The pH value of the paste at room temperature is above 12.4 and therefore corresponds to
the theoretical value of a saturated Ca(OH), solution (pH = 12.46).

2.3 Radiopacity

The radiopacity of ApexCal complies with ISO 6876 [lvoclar Vivadent, R&D] and is about four
times higher than that of dentin [11].
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3. Invitro and clinical investigations

3.1 In vitro investigations on the antimicrobial effect

The antimicrobial effect of ApexCal was examined in comparison to that of Calxyl, Calcipulp
and calcium hydroxide using agar diffusion tests. This investigation did not establish any
difference in the materials tested. As expected, the antimicrobial effect was limited to a
narrow area of approx 0.5 to 1 mm in the immediate vicinity of the samples.

Agar diffusion test of ApexCal: An inhibition zone (C) is visible adjacent to the ApexCal sample (D).
The whitish aureole (B) is an artefact caused by the diffusion of the material along the Petri dish. A:
Bacteria lawn (Lactobacillus) [13].

Inhibition zone [mm]

ApexCal | Calxyl Calcipulp | Ca(OH), | Ref

Staphylococcus aureus 05-1 05-1 | n.d. 05-1 12
Escherichia coli 05-1 05-1 | n.d. 05-1 12
Enterococcus faecalis 05-1 05-1 | n.d. 05-1 12
Lactobacillus acidophillus | 0.5-1 n.d. 05-1 05-1 13
Streptoccocus gordonii 05-1 n.d. 05-1 05-1 13
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3.2 Clinical investigations

The effectiveness and safety of ApexCal as a temporary endodontic filling was examined in a
clinical study (Dr A Peschke, Ivoclar Vivadent, R&D Clinic). In this investigation 20 teeth with
periapical lesions were treated. The teeth were instrumented with rotating NiTi-instruments
(ProFile, Maillefer), cleaned with NaOCI, medicated with ApexCal and obtruated using the
lateral condensation technique.

The periapical index (PAI) [14] was established (4.3+ 0.8) before the treatment began. After
the dressing had been in situ for an average period of 1.8 month, an improvement of the
periapical situation was observed radiographically in 90 % of the cases. At the time when the
root canal filling was placed the PAI score had improved to 3.9 £ 0.9. In all the cases, the
canals were dry and odour-free after the placement of ApexCal.

Compared to other commercially available preparations, ApexCal showed a very
homogenous and constant consistency over time. Because of its excellent stability, ApexCal
is easy to pick up with lentulo spirals, yet easy to spin into the canals.

Radiography of tooth 48. Tooth 47 is already Radiography of teeth 47 and 48 after obtruating
instrumented and filled with ApexCal as with the definitive root canal filling: After 2
disinfecting dressing. Both teeth are revisions of month with ApexCal in situ, a significant
insufficient root canal fillings with prominent decrease in apical translucency was observed.
apical periodontitis.

Tooth 37 at the beginning of the endodontic Situation of tooth 37 directly after placing the

treatment: A marked apical translucency could definite root canal filling. A complete apical

be observed. healing could be achieved by placing ApexCal
for several month.
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4.  Biocompatibility

4.1 Exposition

ApexCal contains calcium hydroxide and bismuth carbonate in a mixture of water, glycerine,
polyethylene glycol and auxiliary materials. In general, the material is completely surrounded
by tooth structure. If it is used as directed, it will not come in contact with soft tissue or bodily
fluids. Contact with periapical tissue may occur in the event of accidental overfilling.
Accidental contact with the oral mucous membrane or non-oral tissue may occur during the
treatment. However, the material can be removed very easily by the dentists if superficial
contamination should occur.

4.2 Toxicological data

4.2.1 Acute toxicity and cytotoxicity

If administered orally [ORL-RAT], all the primary substances exhibit LD50 > 5,000 mg/kg
[15]. The cytotoxicity of ApexCal has been evaluated in an XTT test [16]. No indication of
cytotoxicity was recorded in this test. Examinations of comparable calcium hydroxide
preparations for pulp capping applications showed a very high biocompatibility [17-19].

4.2.2 Genotoxicity

The available data on the primary materials do not give an indication of any genotoxic effect
[15,20]. The genotoxic potential of ApexCal has been examined in vitro in an AMES test.
This test did not reveal any genotoxic potential of the material [21].

4.2.3 lrritation

ApexCal has a pH of > 12.4 % and therefore causes irritation. The product must have this
high pH value if it is to fulfill its designated purpose.

4.2.4 Sensitization

The available data on the primary materials do not show any indication of a sensitizing effect
[15].

4.3 Conclusion

The information available to date indicates that ApexCal does not represent a heightened
toxicological risk for the patient or user if it is used as directed.
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This documentation contains a survey of internal and external scientific data (“Information”). The
documentation and Information have been prepared exclusively for use in-house by Ivoclar Vivadent
and for external Ivoclar Vivadent partners. They are not intended to be used for any other purpose.
While we believe the Information is current, we have not reviewed all of the Information, and we
cannot and do not guarantee its accuracy, truthfulness, or reliability. We will not be liable for use of or
reliance on any of the Information, even if we have been advised to the contrary. In particular, use of
the Information is at your sole risk. It is provided "as-is", "as available" and without any warranty
express or implied, including (without limitation) of merchantability or fithess for a particular purpose.

The Information has been provided without cost to you and in no event will we or anyone associated
with us be liable to you or any other person for any incidental, direct, indirect, consequential, special,
or punitive damage (including, but not limited to, damage for lost data, loss of use, or any cost to
procure substitute information) arising out of your or another’s use of or inability to use the Information
even if we or our agents know of the possibility of such damage.
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