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Abstract

Direct pulp-capping is a treatment for exposed vital pulp involving the placement of a dental material over the exposed area

to facilitate both the formation of protective barrier and the maintenance of vital pulp. Direct pulp capping has been used as an
alternative approach to the maintenance of vital pulp so that many tooth extractions and root canal treatments could have been
avoided through the conservative approach of direct pulp capping. For this purpose different kinds of materials used such as Zinc
Oxide Eugenol, Glass lonomer (GI), Resin Modified Glass lonomer (RMGI), Adhesive systems, Calcium Hydroxide, Mineral Trioxide
Aggregate (MTA) and Bio dentine. The MTA clinically performed more effective than conventional Calcium Hydroxide liner as a
direct pulp capping material, showed higher success rate than dycal. MTA easier to use clinically as a direct pulp capping material.
MTA provided better long term results more effective than Calcium Hydroxide in maintaining long-term vitality. MAT significantly
less toxic, less pulpal inflammations. MTA more predictable than dycal in formation of dentin barrier and superior than Calcium
Hydroxide in dentinogenetic process in human pulp. MTA is more effective and superior comparing the Calcium Hydroxide as a
direct pulp capping material, showed higher success rate with favorable outcomes in maintaining long term tooth vitality and easier
to use in pulp capping. MTA is less toxic, less pulpal inflammation capping compared to Calcium Hydroxide. MTA superior and in

dentinogenic process and more predictable hard tissue barrier formation.

Introduction

Direct pulp-capping is a treatment for exposed vital pulp
involving the placement of a dental material over the exposed
area to facilitate both the formation of protective barrier and the
maintenance of vital pulp [1-4]. Direct pulp-capping has been used
as an alternative approach to the maintenance of vital pulp so that
many tooth extractions and root canal treatments could have been
avoided through the conservative approach of direct pulp-capping
[1,5]. Clinical pulp conditions related to patient symptoms are to be
considered before the direct pulp-capping material placement. For
evaluating clinical pulp conditions, the most important test is pulp
vitality. Pulp capping could be performed on tooth with normal
pulp or reversible pulpitis. Percussion, palpation, and periodontal
probing test results should be within normal limits. The radiograph
should show normal apical tissue. The pulp exposure site should
be less than 1 mm in diameter and stopping pulpal hemorrhage
should be prerequisite before direct pulp-capping material
placement. If these requirements cannot be satisfied, the pulp-
capping procedure is not recommended [1]. There are three causes
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of vital pulp exposure: caries, mechanical sources and trauma.
If pulp exposure occurs before caries is completely removed, it
is considered caries exposure. If pulp exposure occurs during
the preparation of a cavity without caries, it is called mechanical
exposure. Mechanical exposures are typically due to a misadventure
during tooth preparation. Traumatic pulp exposure may result from
a sports injury when the coronal part of the tooth is chipped. In
the event of exposure in vital pulp, direct pulp capping, pulpotomy
or pulpectomy could be the treatment choices [1]. According to
the American Association of Endodontists (AAE) guide to clinical
endodontics, the indications for direct pulp capping are as follows:
(1) occurrence of mechanical exposure of a clinically vital and
asymptomatic pulp; (2) controlled bleeding at the exposure site;
(3) possibility of direct contact of the capping material with the
vital pulp tissue after exposure; (4) occurrence of exposure during
dental dam isolation of the tooth; (5) maintenance of adequate seal
of the coronal restoration; and (6) indication of a possible future
endodontic treatment to the patient [7-9].
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Direct Pulp Capping Materials
Calcium hydroxide

Calcium Hydroxide was introduced to the dental profession in
1921 and has been considered the “gold standard” of direct pulp
capping materials for several decades [10,11]. There are anumber of
advantages to calcium Hydroxide that have caused it to receive this
recognition such as Calcium Hydroxide has high PH and excellent
antibacterial properties [10-13], the calcium Hydroxide has a long-
term track record of clinical success as a direct pulp-capping agent
in periods of up to 10 years [8,10]. Calcium Hydroxide has some
disadvantages such as the self-cure formulations are highly soluble
and are subject to dissolution over time [10-19] Calcium Hydroxide
has no inherent adhesive qualities and provides a poor seal [1,10]
Calcium Hydroxide is the appearance of so-called “tunnel defects”
in reparative dentin formed underneath Calcium Hydroxide pulp
caps [10,14]. A tunnel defect has been described as a patency from
the site of the exposure through the reparative dentin to the pulp,
sometimes with fibroblasts and capillaries present within the
defect. However, other researchers have found that the quality of
reparative dentin improves as the bridge gets thicker, and that many
times, the tunnel defects are not patent with the pulp [10,15,16].

Mechanism of action

The initial effect of Calcium Hydroxide applied to exposed pulp
is the development of a superficial necrosis. Firm necrosis causes
slight irritation and stimulates the pulp to defend and repair to
form a reparative dentin bridge through cellular differentiation,
extracellular matrix secretion and subsequent mineralization
.while the formation of a dent in bridge has been believed to be
the key for the clinical success of direct pulp-capping [10,17].
Traditionally, it has been believed that Calcium Hydroxide’s high
pH causes irritation of the pulp tissue, which stimulates repair via
some unknown mechanism [10,18]. In recent years, this “unknown
mechanism” may have been explained by the release of bioactive
molecules. It is known that a variety of proteins are incorporated
into the dentin matrix during dentinogenetic [19,20] of particular
importance to the topic of pulp capping where at least two of these
proteins, Bone Morphogenic Protein (BMP) and Transforming
Growth Factor-Beta One (TBF-f31), have demonstrated the ability to
stimulate pulp repair [10,21,22]. Furthermore, Calcium Hydroxide
is known to solubilize these proteins from dentin, lending credence
to the release of these bioactive molecules as a significant mediator
in pulp repair following pulp capping [10,23].

Mineral Trioxide Aggregate (MTA)

Mineral Trioxide Aggregate (MTA) has generated considerable
interest as a direct pulp-capping agent in recent years. Unset
MTA is primarily calcium oxide in the form of tricalcium silicate,
dicalcium silicate and tricalcium aluminate. Bismuth oxide is added
for radiopacity, MTA is considered a silicate cement rather than
an oxide mixture, a so its biocompatibility is due to its reaction
products. Interestingly, the primary reaction product of MTA with
water is Calcium Hydroxide, and so it is actually the formation of
calcium hydroxide that provides MTA’'s biocompatibility [10,24-
27] As a result, many of the advantages and potential mechanisms
of action for MTA are similar to Calcium Hydroxide, including its
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antibacterial and biocompatibility properties, high pH, radiopacity
and its ability to aid in the release of bioactive dentin matrix
proteins. However, an antibacterial effect of MTA is controversial,
MTA showed some of the facultative bacteria but no effect on any
of the strictly anaerobic bacteria. The antimicrobial activity of MTA
may not be as strong as those of traditional Calcium Hydroxide-
based cements and sealers. MTA can provide more leakage-proof
because of its sealing ability. MTA is suggested to be superior to
Calcium Hydroxide due to its uniform and thicker dentin bridge
formation, less inflammatory response and less necrosis of pulpal
tissues [1,28]. There are some differences between MTA and
Calcium Hydroxide. First, MTA comes in two colors, white and grey.
The grey version is due to the addition of iron. Another significant
difference is the fact that MTA provides some seal to tooth structure
[10,29]. The disadvantages of MTA include long setting times
approximately 2 hours and 45 minutes. Setting time of MTA Gray
is shorter than that of MTA White. A long setting time may be
inconvenient to both dentist and patient, because it requires direct
pulp-capping with MTA in two visits: application of MTA in the first
visit and seating of the permanent restoration over the sufficiently
hardened MTA in the second visit. Moreover, it may increase the
risk of bacterial contamination [10,30,31]. Another disadvantage
of MTA poor handling “sandy” feeling mixture produced by the
coarse particles of Pro Root and water is difficult to be delivered
to the required site and hard to condense adequately which can
be affected by the particle size and distribution as well as by the
shape of the MTA powder [1,32,33]. Tooth discoloration has been
reported with the use of gray MTA in direct pulp capping and
therefore the use of white MTA has generally been recommended in
the esthetic zone [1,34,35] However, tooth discoloration associated
with white MTA was also described in case reports in endodontic
treatments. Tooth color change was reported to be induced by both
gray and white MTA. Several factors were reported to contribute
to tooth discoloration by white MTA: contamination with blood,
contact with sodium hypochlorite, the presence of light and oxygen.
The possible involvement of the radio pacifier bismuth oxide in the
discoloration is postulated [36-38]. The reason and mechanism
of tooth discoloration are not fully understood and remain to be
investigated. MTA is very expensive, one gram of MTA powder costs
approximately the same as 24 grams of calcium hydroxide base/
catalyst paste, making MTA much less cost effective per use [10].

Bio dentine

Tricalcium silicate, calcium carbonate, oxide, and zirconium
oxide (radio pacifier) in the powder, which is mixed with calcium
chloride solution containing modified polycarboxylate instead of
water. Both substances in the liquid contribute to shorten setting
times (from 10 to 12 min). Calcium chloride accelerates the
hydration reaction, and polycarboxylate reduces the amount of
water required for mixing by providing proper consistency, which
also contributes to easy handling of the mixture. Calcium carbonate
in the powder is expected to act as a nucleation site in the hydrating
mass, enhancing the hydration and leading to faster setting. Bio
dentine was reported to have efficacy similar to that of MTA in direct
capping over mechanically exposed molar pulps. Complete dentinal
bridge formation, an absence of inflammatory pulp response and
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layers of well-arranged odontoblasts and odontoblast-like cells
were observed after 6 weeks [10,39].

Adhesive systems

Adhesive systems were suggested for use as a potential direct
pulp-capping agent approximately 12-15 years ago. All components
of adhesive systems have been shown to be cytotoxic to pulp cells.
The toxic effects of the various components of adhesives are
synergistic, especially with increasing duration of contact with the
pulp. Toxicity is seen in both multi- and single-component adhesive
systems, and the unpolymerized components are more toxic than
when the adhesive is well-polymerized [10,40,41].

Glass Ionomer (GI)/Resin-Modified Glass Ionomer
(RMGI)

GI/RMGI is cytotoxic when in direct cell contact. The
conventional formulations tend to be less toxic than the resin-
modified formulations [10,42,43]. This should not be construed as
an indictment against the use of GI/RMGI in deep cavities. Because
of Glass ionomer’s ability to chemically bond to tooth structure,
it can prevent the diffusion of potentially toxic materials through
dentin to the pulp. Glass ionomer also provides an excellent
bacterial seal and shows good biocompatibility when used in close
approximation but not in direct contact with the pulp [10,44,45].

Zinc Oxide Eugenol (ZOE)

ZOE formulations have been used in dentistry for many years as
bases, liners, cements and temporary restorative materials. Its use
for direct pulp capping is questionable, however. Eugenol is highly
cytotoxic. It is known that ZOE releases eugenol in concentrations
[10,46-48]. ZOE also demonstrates high
interfacial leakage. Although it has been noted that this leakage

that are cytotoxic

is not important since ZOE can provide a biologic seal due to the
eugenol release, it must be kept in mind that eugenol release drops
dramatically with time, and it is anticipated that the effectiveness
of ZOE in excluding bacteria is reduced the longer it is in place in
the mouth.

The clinical performance of MTA compared to Calcium
Hydroxide

Kierat A et al. [48], evaluated that the usefulness of a new
product called MTA used in direct and indirect pulp capping
compared with Calcium Hydroxide, which showed 88.2% of the
results were positive after a direct coverage of the pulp using
MTA and 86.7% of positive results were after the application of
Calcium Hydroxide. In the case of indirect use of both the MTA and
Calcium Hydroxide 100% positive results were obtained and the
MTA showed significantly lower toxicity compared with Calcium
Hydroxide. Mente | et al. [49], investigated the treatment outcome
of teeth after direct pulp capping, either with MTA or Calcium
Hydroxide (controls), they found successful outcome was recorded
for 78% of teeth in the MTA group and for 60% of teeth in the teeth
Calcium Hydroxide group. There was non-significant range (P
=0.05). The teeth that were permanently restored >or=2 days after
capping had a significantly worse prognosis in both groups (P=0.01).
Same author Mente ] [50], aiming to assess treatment outcome of
direct pulp capping with MTA versus Calcium Hydroxide. Potential
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prognostic factors were re-evaluated based on a larger sample
size and longer follow-up periods. The overall success rates were
80.5% of teeth in the MTA group and 59% of teeth in the Calcium
Hydroxide group. There was significantly increased risk of failure
for teeth that were directly pulp capped with Calcium Hydroxide
compared with MTA (P=0.001). Teeth were permanently restored =
2 days after direct pulp capping had a significantly worse prognosis
irrespective of the pulp capping material chosen (P=0.004) [49].
The study of Leye Benoist F et al. [50] to assess the effectiveness
of MTA used as an indirect pulp-capping material in human molar
and premolar teeth. Their results were at 3 months, the clinical
success rates of MTA and Calcium Hydroxide were 93% and 73%,
respectively. At 6 months, the success rate was 89.6% with MTA,
and remained steady at 73% with Calcium Hydroxide. The mean
initial residual dentine thickness was 0.23 mm and increased by
0.121 mm with MTA and by 0.136 mm with Calcium Hydroxide at 3
months. At 6 months, there was an increase of 0.235 mm with MTA
and of 0.221 mm with Calcium Hydroxide [51]. The randomized
clinical trial of Hilton etal. [52], evaluated and compared the success
of direct pulp capping in permanent teeth with MTA or Calcium
Hydroxide. They found the probability of failure at 24 months was
31.5% for Calcium Hydroxide vs. 19.7% for MTA. Zhao Y et al. [53],
try to evaluate the volume change of rat root following direct pulp
capping with MTA and Calcium Hydroxide-based paste (Vitapex) in
randomized control trail, that showed the root volume in the MTA
group was significantly smaller than that in the Vitapex group at 2
and 4 weeks after operation (P<0.05). At the sixth week, there was
no significant difference between the MTA group and the Vitapex
group (P>0.05). The root volume in the MTA group and Vitapex
group was significantly larger than that in the model group from
the second to sixth week after operation (P<0.05). The influence of
various predictors on healing outcomes after direct pulp capping
using either MTA or Calcium Hydroxide as a pulp-dressing agent
were evaluated by the retrospective study Caliskan MK et al. [54].
They found One hundred and fifty-two teeth of 172-capped teeth
were available for follow-up, with an overall recall rate of 87.6 % for
MTA vs 89.3% for Calcium Hydroxide. The mean period of follow-
up was (37.3+17.2) months. Overall success rates of 85.9% and
77.6 % in the MTA and Calcium Hydroxide groups were observed,
respectively. The cumulative success rate of both materials was not
statistically different (P=0.282). The 2-year overall pulp survival
was 91.4 %, while the 4- and 6-year survival rates were 84 and 65
%, respectively. None of the clinical variables had a considerable
influence on the outcome of direct pulp capping (p>0.05). The
randomized control trail of Kundzina R et al. [55], aimed to compare
the effectiveness of MTA and a conventional Calcium Hydroxide
liner as direct pulp capping materials in adult molars with carious
pulpal exposure. They found that at 36 months, the cumulative
estimate rate of 85% for the MTA group and 52% for the Calcium
Hydroxide group (P=0.006). There was no significant association
between the capping material and postoperative pain. The study
of (Zhu C et al. [56]) found the success rate of MTA is significantly
different than Calcium Hydroxide in direct pulp capping (P=0.002)
and clinically the MTA was superior to calcium hydroxide in direct
pulp capping resulting in a lower failure rate. The MTA was found
better for direct pulp capping material and showed higher success

Page 3 of 6


http://dx.doi.org/10.33552/OJDOH.2018.01.000508

Online Journal of Dentistry & Oral Health Volume 1-Issue 2

rate clinically and radiographically when compared with Calcium
Hydroxide within three months follow up period Sajid M et al.
[57]. However, both MTA and Calcium Hydroxide were clinically
applicable at the end of 12 months follow up period and there was
no significant difference between the protection of the tooth vitality
and pulp capping agents at 6 and 12 months (P=0.238, P=0.606,
respectively) according to Vural UK et al. [58].

Pulpal tissue response to MTA compared with calcium
hydroxide in direct pulp capping

MLR Accorinte et al. [59], evaluated the histomorphology
response of human dental pulps capped with MTA and Calcium
Hydroxide cement in control trail, their results were After 30 and
60 days, teeth were extracted and processed for histologic exam
and categorized in a histologic score system. All groups performed
well in terms of hard tissue bridge formation, inflammatory
response, and other pulpal findings. However, a lower response
of Calcium Hydroxide after 30 days was observed for the dentin
bridge formation, when compared with MTA after 30 days and MTA
after 60 days. Same authors in 2008 were compared the response
of human dental pulp capped with MTA and Calcium Hydroxide
powder. They found in regard to dentin bridge formation, Calcium
Hydroxide after30 days showed a tendency towards superior
performance compared to MTA after 30 days (p>0.05), although
the products showed comparable results at day 60. In the item
“Inflammation” and “General State of the Pulp” (p>0.05), Calcium
Hydroxide showed a tendency towards presenting a higher
inflammatory response. In the item “Other Pulpal Findings,” MTA
and Calcium Hydroxide showed equal and excellent performance
after 30 and 60 days (p>0.05) [60]. Nair PN et al. [61], investigated
the pulp response to the direct pulp capping of healthy human teeth
with MTA and Calcium Hydroxide cement (dycal) as control. Their
results were the iatrogenic pulpal wounds treated with MTA were
mostly free from inflammation after 1 week and became covered
with a compact, hard tissue barrier of steadily increasing length
and thickness within 3 months following capping. Control teeth
treated with Dycal revealed distinctly less consistent formation of a
hard tissue barrier that had numerous tunnel defects. The presence
of pulpal inflammation up to the longest observation period (3
months) after capping, was a common feature in Dycal specimens.
Sawicki L et al. [62], tried to evaluate histological findings in human
immature permanent premolars scheduled for extraction for
orthodontic reasons, in which mechanical pulp exposures were
capped with white ProRoot Mineral Trioxide Aggregate (WMTA)
or Calcium Hydroxide and they found no statistically significant
differences between WMTA and Calcium hydroxide were found,
except for superficial and deep inflammatory cell response
(P<0.05).To evaluate the pulpal response to direct capping with
either MTA or Calcium Hydroxide cement in humans, with a focus
on dentin bridge formation and dentin sialoprotein and heme
oxygenase-1 (HO-1) expression , this study performed in 2008 by
Min KS et al. [63] and their results were histologically, 100% of the
MTA group and 60% of the Calcium Hydroxide group developed
dentin bridges. The mean thickness of the dentin bridges observed
in the MTA group was statistically greater than that of Calcium
Hydroxide group. In addition, DSP and HO-1 were expressed in
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the odontoblast-like cells and pulp fibroblasts beneath the dentin
bridge; furthermore, significantly greater immunostaining was
observed in the MTA group than in the Calcium group. Parolia A
et al. [64] were investigated the response of human pulp tissue
which were mechanically exposed to a new material, Propolis and
compare it with two existing and commonly used pulp capping
agents (MTA and Dycal) and the results of their study were the
differences in inflammatory response and dentine bridge formation
of the exposed pulp to the three different materials were statistically
non-significant. There was more pulp inflammation in teeth treated
with Dycal than with Propolis and MTA on the 15th as well as on the
45™ day. Propolis and MTA showed bridge formation in more teeth,
and the bridges were in closer proximity to pulp capping material
than teeth treated with Dycal on the 45th day. By comparing the
response of exposed human pulp to Nano-HA, MTA and Calcium
Hydroxide was the purpose of Swarup SJ et al. [65], study at 2014,
they found the Nano-HA and MTA produced continuous dentin
bridges. Dentin bridge that was formed in MTA group had regular
pattern of dentinal tubules, but no tubules were seen in the Nano-
HA group. Dentin bridge was not observed in Dycal group for the
15 days period in majority of the sample and by 30 days dentin
bridge was observed that were both continuous and interrupted in
equal number of samples. The initial inflammatory response and
necrosis was more with Nano-HA and calcium Hydroxide which
reduced with time. The study was done by Nowicka A et al. [66]
involved tomographic evaluations of reparative dentin bridge
formation after direct pulp capping with Calcium Hydroxide, MTA,
Bio dentine (Septodont, Saint Maur des Fosses, France), and Single
Bond Universal (3M ESPE, Seefeld, Germany) in human teeth.
They found the reparative dentin formed in the calcium hydroxide,
MTA, and Bio dentine groups was significantly superior to that
formed in the Single Bond Universal group in terms of thickness
and volume. The dentin bridges in the Bio dentine group showed
the highest average and maximum volumes. The mean density of
dentin bridges was the highest in the MTA group and the lowest in
the Single Bond Universal group. The clinical and historical findings
in human molars directly capped with white ProRoot MTA and
Calcium Hydroxide were evaluated by Iwamoto C et al. [67] who
found there is no statistically significant differences were found for
superficial and deep inflammatory cell response (P>0.05), presence
of a dent in bridge (P>0.01), and pulp vitality (P>0.01), between
the two materials. The study showed exposure for the teeth in the
calcium hydroxide group was statistically significantly smaller than
for the white MTA (P< 0.05). The postoperative sensitivity was
reported after 7 days between the two materials not significantly
different (P>0.05). The human pulpal response to white and grey
mineral trioxide aggregate (WMTA, GMTA) and Dycal as a pulp
capping agent where investigated by Eskandarizadeh A et al. [68].
Both types of MTA were recommended as direct pulp capping
materials instead of Dycal in this study based on their results
that showed the calcified bridge on the teeth capped with GMTA
was significantly thicker than Dycal at 30 and 60 days (P=0.015
and P=0.002, respectively and the WMTA calcified bridge formed
was significantly thicker calcified bridge than Dycal at 90 days
(P=0.02). The inflammatory response of teeth capped with GMTA
significantly less than Dycal after 90 days. Regarding to the calcified
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bridge thickness and pulp inflammatory response to the capping by
WMTA and GMTA there were not significantly difference between
the two materials (P>0.05), making them superior on Dycal in
direct pulp capping [69].

Conclusion

The clinical performance of MTA is more effective and superior
in comparing to Calcium Hydroxide as a direct pulp capping material
and MTA showed higher success rate with favorable outcomes in
maintaining long-term tooth vitality. Moreover, the pulpal tissues
response of MTA is less toxic, less pulpal inflammation when
using as a direct pulp capping compared to Calcium Hydroxide.
Furthermore, MTA superior to Calcium Hydroxide in dentinogenic
process and more predictable hard tissue barrier formation.
Regarding to the performance and success of the MTA compared
to Calcium Hydroxide make it the material of choice in direct pulp

capping.
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