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Analysis of pH variation
of various calcium hydroxide compounds in vitro
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SUMMARY

Among the reasons for the use of calcium hydroxide products, there is their alkalinity. Variations in the
alkalinity of six commonly used calcium hydroxide compounds were studied in vitro at different time in-
tervals. All these compounds rendered the saline solution strongly alkaline. Dycal®, Life®, Nucap® and
Reocap®, had a weaker effect as compared with Contrasil® and to Pulpdent® paste. Such differences in the pH
values were accompanied by differences in calcium loss, as revealed by scanning electron microscopy. Dif-
ferences in the alkaline pH values and calcium losses among these calcium hydroxide compounds may account
for their different clinical effectiveness in vivo.
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RESUME

Une des raisons de I’utilisation des produits a base d’hydroxyde de calcium est leur alcalinité. Les varia-
tions alcalines des 6 matériaux a base d’hydroxyde de calcium couramment utilisés ont été testées in vitro
a différents intervalles de temps. Dycal®, Life®, Nucap® and Reocap®, avaient un effet plus faible que Con-
trasil® et Pulpdent® paste. Les différences de valeurs de pH étaient accompagnées de pertes de calcium. Les dif-
férentes valeurs de pH ainsi que les pertes de calcium pourraient expliquer leur diverse efficacité in vivo.

MOTS-CLES:
Hydroxide de calcium, pH.

INTRODUCTION the pulpal response to different Ca(OH), agents

(Heys et al., 1980; Pereira et al., 1980; Baume and
Holz, 1981; Franz and Holz, 1984, Stanley, 1989).
Recent reports have demonstrated that an in vitro
alternative method to the in vivo direct capping, can
be applied successfully to compare the biocom-
patibility of dental materials using cultures of human
pulpal cells explanted to form cell monolayers

The effect of calcium hydroxide on human pulp has
been widely investigated (Schroder, 1985). When
calcium hydroxide is in contact with pulp tissue, a
caustic effect is observed leading to a superficial zone
of necrosis. It has been shown that the lower layer of
the zone of necrosis, closed to the pulp, irritates the
underlying tissue and stimulates the production of

mineralized matrix. The exact mechanism is still not
fully understood, but probably the calcium ions play
a role (Schroder, 1985; Granath, 1982). Many
histological studies have been performed to analyze

(Christen et al., 1989; Regad et al., 1989). Among the
various important reasons in favour of the use of
liners containing calcium hydroxide, there is their
alkaline pH. Highly alkaline pH of calcium hydroxide
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1985). A different clinical effectiveness among
calcium hydroxide materials have been reported. For
example, Pulpdent® has been shown to be more suc-
cessful than Dycal (Phaneuf et al., 1968), while Heys
and colleagues (1980), found the contrary to be true.
Other investigators of testing eight products in vivo
have reported best results in dentin bridge formation
when Pulpdent® or Contrasil® were used; in the
same report Reocap® showed toxic effect on the
pulp and the absence of bridge repair (Liard-
Dumtschin et al., 1984). Concerning Reocap, this
result is in agreement with a previous extensive study
testing this agent for indirect capping (Holz and
Baume, 1973). In fact, this report showed an insuffi-
cient protection as demonstrated by the formation of
vacuoles in the odontoblast layer. A recent report
(Kirk et al., 1989) showed that the dentinal bridge
formation after direct pulp capping of exposed rat
incisors occurred more consistently with less inflam-
mation with the use of Pulpdent® than with Dycal.

In our study, all tested materials consistently made
the normal saline solution strongly alkaline. We have
analyzed and compared the pH behavior of the six
pulp-capping agents during two weeks. Moreover, it
has been clearly shown that mineral deposition starts
at week 2 (Franz et al., 1985); therefore the analysis
of the pH variations at this time is important in
order to understand the relationship existing bet-
ween pH behavior and mineralization process.
Calcium hydroxide products used showed two main
behaviors. Two calcium hydroxide materials such as
Contrasil® and Pulpdent® paste exhibited an initial
high pH values (pH> 12) which remained very
stable over the time, when analyzed at different
intervals. On the other hand, the remaining calcium
hydroxide compounds expressed initial pH values
less than 12 which dropped over the time at the dif-
ferent days of examination to reach pH values
of about 10 as in the case of Dycal®, Life® and
Reocap®. The Nucap® pH average tendency was
peculiar, since this product expressed a pH average of
10.75 which remained stable during the period
examined. It is well known that a strong alkaline pH
buffers the acidosis of pulpal infection, possesses
antibacterial activity, and favours differentiation and
replication of odontoblasts (Stanley, 1989).
Therefore, our findings support the clinical evidence
showing that for direct pulp capping highly alkaline
products, such as Pulpdent® paste or Contrasil® are
fully successful if employed respecting indications
and technics; moreover neutral calcium hydroxide
based materials have shown failure in pulp healing.

pH ANALYSIS OF CALCIUM HYDROXIDE MATERIALS

Moreover, the clinical results obtained with Pulp-
dent® and Contrasil® are supported by in vitro,
biological test using culture of human pulpal cells
showing a better biocompatibility response of these
calcium agents (Christen et al., 1989; Regad et 4l.,
1989). In addition, the scanning electron microscopic
examination of the different calcium hydroxide pro-
ducts, stored in normal saline solution, at different
days revealed the presence of gaps on the surface.
Such voids, indicating the calcium loss, were more
numerous for Life® and Dycal®, when compared to
Contrasil® or Pulpdent®. These results are in agree-
ment with previous work (Straffon et 4/., 1988), and
with the pH variations observed with these products
and reported in the present paper. In conclusion, we
have demonstrated important time-dependent pH
variations of six commercially available calcium
hydroxide containing materials. These pH value dif-
ferences and the different calcium ions release from
pulp capping agents (Shubich ez 4l., 1978; Straffon et
al., 1988) could reflect the different behavior and
therefore the effectiveness of calcium hydroxide
compound 1n vivo. It is clear that a better knowledge
of calcium hydroxide action mechanism will allow a
more appropriate clinical use.
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