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ABSTRACT: Pulp capping is a procedure that comprises adequate protection of the pulp tissue exposed to the oral 
environment, aiming at the preservation of its vitality and functions. This study evaluated the response of the den-
tal pulps of dog teeth to capping with mineral trioxide aggregate (MTA) or calcium hydroxide P.A. For that purpose, 
37 teeth were divided into two groups, according to the capping material employed. Two dogs were anesthetized 
and, after placement of a rubber dam, their pulps were exposed in a standardized manner and protected with the 
experimental capping materials. The cavities were then sealed with resin-modifi ed glass ionomer cement and re-
stored with composite resin. After sixty days, the animals were killed and the specimens were processed in order to 
be analyzed with optic microscopy. It was observed that MTA presented a higher success rate compared to calcium 
hydroxide, presenting a lower occurrence of infection and pulp necrosis.
DESCRIPTORS: Dental pulp capping; Biocompatible materials; Calcium hydroxide.

RESUMO: O capeamento pulpar é um procedimento que consiste na adequada proteção do tecido pulpar exposto 
ao meio oral, objetivando a preservação de sua vitalidade e suas funções. O objetivo deste trabalho foi observar a 
resposta da polpa dental de cães ao capeamento com o agregado de trióxido mineral (MTA) ou hidróxido de cálcio 
P.A. Para tanto, 37 dentes foram divididos em dois grupos, de acordo com o material capeador utilizado. Dois cães 
foram anestesiados e após o isolamento absoluto do campo operatório, realizou-se exposição padronizada da polpa, 
proteção com os materiais capeadores testados e selamento das cavidades com cimento modifi cado de ionômero de 
vidro. Os dentes foram então restaurados com resina composta. Após sessenta dias, os animais foram sacrifi cados 
e as peças foram processadas para a análise microscópica dos dentes. Observou-se que o MTA apresentou maior 
índice de sucesso em relação ao hidróxido de cálcio, evidenciando menor ocorrência de infecção e necrose pulpar.
DESCRITORES: Capeamento da polpa dentária; Materiais biocompatíveis; Hidróxido de cálcio.

INTRODUCTION

Pulp capping comprises adequate protection 
of a vital pulp exposed to the oral environment. It 
is a technique that aims at preserving the vitality 
of this tissue, thus avoiding more invasive endo-
dontic procedures.

Within this context, a great advancement 
for the achievement of a biologically acceptable 
treatment was the advent of a material which has 
been demonstrated to lead pulp cells to stimulate 
deposition of a hard tissue bridge fundamentally 
constituted of granulomatous areas, dystrophic 
calcification and dentin10,26. Some investigators 
emphasize that the material of choice for achieve-

ment of this outcome is calcium hydroxide, and 
especially calcium hydroxide P.A.12.

However, new materials have been employed 
for the protection of exposed pulps. These include 
the mineral trioxide aggregate (MTA), whose prima-
ry components are tricalcium silicate, tricalcium 
aluminate, calcium oxide and silicate oxide1. This 
new cement was developed with the chief intention 
to avoid communication between the pulp and the 
external environment13. On the basis of the excel-
lent results achieved, especially as to the sealing 
ability1 and tissue response, Torabinejad, Chivian24 
(1999) concluded that MTA may also be applied 
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in several clinical situations, such as pulp cap-
ping, internal resorption, apexification, endodontic 
surgery and for the sealing of perforations. These 
manners of utilization of MTA are also mentioned 
in other studies15,19,22,24.

So far, it is noticed that this issue, pulp cap-
ping, has several aspects that may be questioned, 
and other experimental histological studies are 
warranted to improve the existing treatment tech-
nique, making it more feasible and reliable.

Thus, this study comprised a histomorphologi-
cal evaluation of the pulp response of dog teeth six-
ty days after capping with Ca(OH)2 P.A. or MTA.

MATERIAL AND METHODS

Before the present study was carried out, 
its design was submitted to and approved by the 
Institutional Review Board for Investigations in 
Animals, School of Dentistry of Araçatuba, State 
University of São Paulo (UNESP). For the study, 
thirty-seven teeth of 2 mongrel dogs aged 1 year 
were employed. After general anesthesia with so-
dium pentobarbital, rubber dam was placed and 
the operative field was submitted to antisepsis. 
Standardized Class V cavities were then prepared 
on the cervical third of the buccal surface of each 
tooth with a diamond bur n. 1090 (KG Sorensen 
Ind. Com. Ltda., Barueri, São Paulo, Brazil). The 
cavities were deepened and the pulp tissue was 
exposed in a standardized manner, with 0.5 mm 
in diameter, with a diamond bur n. 2173 (KG So-
rensen Ind. Com. Ltda., Barueri, São Paulo, Brazil), 
fabricated especially for this study. The rotary cut-
ting instruments were used at high-speed under 
thorough cooling with saline solution.

Control of hemorrhage and drying of the ex-
posed pulp were performed with autoclaved cotton 
and drops of saline solution.

For group I, comprising 19 teeth, the material 
employed for pulp capping was calcium hydroxide 
P.A. paste (Reagen, Quimibras Ind. Químicas S/
A – Rio de Janeiro, Rio de Janeiro, Brazil) mixed with 
saline solution, whereas in the 18 teeth in group II 
the exposed pulps were directly protected with MTA 
(Pro Root® – Dentsply, Tulsa, Oklahoma, USA) mixed 
with saline solution and applied following the man-
ufacturer’s instructions. Each dental hemi-arch had 
one of the tested capping materials, in such a way 
that the one capped with MTA would always have 
the antagonist teeth capped with Ca(OH)2.

After the application of the aforementioned 
materials, the cavities were filled with resin-modi-

fied glass ionomer cement Fuji II LC (GC Cor-
poration, Tokyo, Kanto, Japan) and the teeth 
were restored with composite resin TPH Spec-
trum (Dentsply - Latin America, Petrópolis, Rio 
de Janeiro, Brazil). After curing of the ionomeric 
cement with the Optilux-500 unit (Demetron) 
for 40 seconds and with luminous intensity of 
500 mW/cm², the teeth were etched with 37% 
phosphoric acid for 20 seconds, and the adhesive 
system Prime&Bond 2.1 NT was applied (Dent-
sply - Latin America, Petrópolis, Rio de Janeiro, 
Brazil). The resin was, then, inserted in the cavi-
ties and light-cured for 40 seconds. 

The animals were then kept in captivity under 
constant observation and receiving a balanced diet: 
ration and fresh water. Sixty days after treatment, 
the animals were anesthetized and killed by perfu-
sion of buffered 10% formalin solution at neutral 
pH. Then, the hemi-arches were removed, placed 
in 10% formalin solution for two weeks and decal-
cified in 17% EDTA (Biodinâmica Quím. e Farm. 
Ltda., Ibiporã, Paraná, Brazil).

After embedding in paraffin, the specimens 
were serially sectioned. The 6 μm thick sections 
thus obtained were stained with hematoxylin and 
eosin and by the Brown & Brenn method.

Analysis of the results were evaluated by one 
of the authors, according to the criteria described 
by Mestrener et al.16 (2003). The histomorphologi-
cal data considered received scores 1 to 4, be-
ing 1 the best and 4 the worst outcome, whereas 
scores 2 and 3 represented intermediate values. 
These data were submitted to statistical analysis 
with the Mann-Whitney method.

RESULTS

The obtained data about the general state of 
the pulp and hard tissue bridge formation were 
computed and submitted to statistical analysis 
with the Mann-Whitney method. It was revealed 
that the results for group II (MTA) were signifi-
cantly better than those observed for the Ca(OH)2 
group (α = 0.01).

Analysis of the sections of the Ca(OH)2 group 
revealed that, from the 19 treated cases, the dental 
pulp presented complete hard tissue bridge in 7 
cases, with defects in 3 (Figure 1) and deposition 
only at the lateral walls in 1 specimen. All cases 
exhibited bridges composed of dentin associated or 
not to areas of deposition of irregular hard tissue, 
with thickness ranging from 48 to 480 microm-
eters. In 4 cases, the bridges were deeply located, 
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resembling the aspect observed after performing 
pulpotomy (Figure 2).

There was also pulp necrosis in 8 specimens, 
with periapical reaction in 2 of them. The Brown 
and Brenn staining revealed the presence of Gram-
positive microorganisms in 9 cases (Figure 3). 
Moreover, 9 specimens exhibited acute inflam-
matory infiltrate, mostly intense and extensive. 
Chronic inflammatory infiltrate of variable inten-
sity and extension was found in the 19 cases ana-
lyzed. Nine specimens did not display deposition 
of a hard tissue bridge.

Concerning the performance of MTA, as to the 
pulp response, a hard tissue bridge was found in 
12 of the 18 treated cases, being 6 complete and 
6 with minor defects (Figure 4). The thickness of 
the hard tissue bridges ranged from 16 to 800 
micrometers. Concerning morphology, the bridges 

were composed of dentin associated or not to ar-
eas of deposition of irregular hard tissue. There 
was no necrosis between the hard tissue bridge 
and the protection material, suggesting that these 
structures were always deposited from the capping 
material; in two cases, there was hard tissue depo-
sition similar to that observed in pulpotomies.

In 3 cases, the dental pulp exhibited necro-
sis, and in one such case the Brown and Brenn 
staining revealed the presence of Gram-positive 
microorganisms. The dental pulp was free of in-
flammation in 5 specimens. In 9 cases there was 
chronic inflammatory infiltrate of mild to moder-
ate intensity, only in the coronal pulp. In six such 
cases there was no deposition of a hard tissue 
bridge.

Tables 1 and 2 display the results achieved 
as scores.

FIGURE 1 - Ca(OH)2 group. Absence of hard tissue 
bridge. Note dentin fragments within the pulp tissue. 
H.E. 100 X.

FIGURE 2 - Ca(OH)2 group. A hard tissue bridge, resem-
bling that of a pulpotomy, protects the remaining pulp 
tissue without infl ammatory process. H.E. 100 X.

FIGURE 3 - Characteristic aspect of the presence of 
Gram-positive microorganisms within the necrotic pulp 
tissue. Brown and Brenn, 200 X.

FIGURE 4 - MTA group. Complete hard tissue bridge 
protects the exposed dental pulp. H.E. 100 X.
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TABLE 2 - Ca(OH)2 – Scores assigned to the different histomorphological events observed in the specimens inves-
tigated.

Specimen n. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

B
ri

dg
es

Continuity 4 4 1 1 1 4 4 1 1 4 2 2 4 4 4 1 2 1 3

Morphology 4 4 1 1 1 4 4 1 1 4 1 1 4 4 4 1 1 1 1

Thickness 4 4 3 1 1 4 4 3 3 4 3 4 4 4 4 2 4 2 4

Location 4 4 1 3 1 4 4 1 1 4 2 2 4 4 4 3 3 3 4

D
en

ta
l P

u
lp In
fl a

m
m

at
io

n

A
cu

te Intensity 1 4 1 1 4 4 4 1 1 4 1 1 4 3 4 1 4 1 1

Extension 1 4 1 1 4 4 4 1 1 4 1 1 4 2 4 1 4 1 1

C
h

ro
n

ic Intensity 4 4 1 2 4 4 4 2 2 4 2 2 4 4 4 1 4 1 3

Extension 3 4 1 2 4 4 4 2 2 4 2 2 4 3 4 1 4 1 4

General status 2 4 1 2 4 4 4 2 2 4 2 2 4 2 4 1 4 1 2

Giant cells 1 4 1 1 4 4 4 1 1 4 1 2 4 2 4 1 4 1 1

Foreign particles 1 4 1 1 4 4 4 1 1 4 1 1 4 2 4 1 4 1 1

Bacteria 1 4 1 1 4 4 4 1 1 1 1 4 4 4 4 1 4 1 1

TABLE 1 - MTA – Scores assigned to the different histomorphological events observed in the specimens investi-
gated.

Specimen n. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

B
ri

dg
es

Continuity 2 1 1 4 4 1 4 4 2 4 4 2 2 2 1 1 2 1

Morphology 1 1 1 4 4 1 4 4 1 4 4 1 1 1 1 1 1 1

Thickness 3 1 2 4 4 3 4 4 3 4 4 3 3 3 3 1 3 3

Location 1 3 3 4 4 4 4 4 1 4 4 1 4 1 1 2 1 1

D
en

ta
l P

u
lp In
fl a

m
m

at
io

n

A
cu

te Intensity 1 1 1 1 1 1 1 1 1 4 4 1 1 1 1 1 1 1

Extension 1 1 1 1 1 1 1 1 1 4 4 1 1 1 1 1 1 1

C
h

ro
n

ic Intensity 2 2 1 3 4 3 3 3 3 4 4 1 3 2 1 1 2 1

Extension 2 2 1 3 4 3 3 4 3 4 4 1 3 2 1 1 2 1

General status 2 2 1 2 4 2 2 2 2 4 4 1 2 2 1 1 2 1

Giant cells 1 1 1 1 3 1 1 1 1 4 4 1 1 1 1 1 1 1

Foreign particles 1 1 1 1 3 1 1 1 2 4 4 1 1 2 1 1 1 1

Bacteria 1 1 1 1 1 1 1 1 1 4 1 1 1 1 1 1 1 1
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DISCUSSION

The primary goal of pulp capping is to keep the 
integrity of the dental pulp after casual or intention-
al exposure with utilization of an adequate protec-
tion material. Calcium hydroxide was highlighted 
in the studies of Eda7 (1961) and Holland11 (1971), 
which revealed good outcomes after its utilization 
for direct pulp capping, both in morphological and 
histochemical aspects. However, these studies did 
not employ any other capping material for com-
parison with calcium hydroxide. It is known that 
its initial effect on the pulp is destructive10, yielding 
chemical injury caused by hydroxyl ions, which 
present highly alkaline pH, leading to superficial 
necrosis of the pulp with mild irritation. This area 
of necrosis, when the pulp is not protected by a 
good marginal sealing achieved with restorative ma-
terials, may yield failures in the formation of hard 
tissue5,25, which, in the presence of ideal marginal 
sealing, should present a dentin-like aspect20.

The present study made use of Ca(OH)2 P.A. 
over the area of exposure to evaluate the effect of 
this substance when chemically pure, since other 
studies have employed Ca(OH)2 cements, which 
include other substances in their composition that 
may interfere with the outcomes.

The importance of a tooth-restoration interface 
with no gaps was reported by Kanka14 (1990), who 
assigned pulp problems to failures in the sealing of 
restorations and consequent penetration of bacte-
ria. In the present study, the achievement of poor 
results with Ca(OH)2 may be related to such occur-
rence, leading to marginal leakage17. It should be 
mentioned that the glass ionomer material applied 
on the Ca(OH)2 presents chemical bonding with 
the tooth structure3. However, since this material 
was applied on the dentin without any surface 
treatment, its bonding was probably limited to the 
cohesive resistance of the smear layer, which was 
not removed by any etchant, thereby limiting the 
contact required for bonding between the material 
Fuji II LC and the dentinal tissue.

Moreover, it should be mentioned that the 
glass ionomer used in this study has resin copo-
lymers in its composition, which indicates that this 
material may be chemically bonded to the compos-
ite resin employed for restoration and consequently 
may have been displaced due to the polymerization 
shrinkage of the composite resin, further exposing 
the pulp tissue to bacterial penetration.

Thus, even knowing about the effectiveness of 
the adhesive systems in marginal sealing in com-

posite resin enamel restorations, we can still find 
in the literature reports about the occurrence of 
microleakage in this substrate, considering that 
restorative procedures in small cavities become 
even more critical. Hence, we cannot exclude this 
possibility4,9,23. 

Bacteria within the pulp tissue could still have 
come from the dogs’ blood stream, since the inflam-
mation due to the dental injury causes vasodilata-
tion and an increase of vessel permeability, making 
the transport of bacteria through the hematogenic 
way possible.

It is known that this phenomenon, named 
anachoresis, consists in the permanence of circu-
lating microorganisms, foreign proteins and other 
substances in inflammatory areas6. By means of 
this hypothesis, we may deduce that cavity prepa-
rations with pulp exposure become favorable to 
anachoresis, where microorganisms may persist or 
even collaborate for more bacterial colonizations. 

According to Schmitt et al.19 (2001), the great-
est difficulty for the achievement of success in pulp 
therapies is the prevention of contamination by 
bacteria. Contamination through the restorations’ 
margins should thus be avoided for the achieve-
ment of a successful treatment. For that purpose, a 
fundamental aspect for a perfect sealing is the ab-
sence of marginal leakage, both at the capping ma-
terial and at the tooth-restoration interface. How-
ever, it should be highlighted that even the best 
adhesive systems present failures in the sealing of 
margins of restorations, especially when located in 
dentinal tissue. Thus, possible failures in sealing 
may have been involved in the adverse outcomes 
achieved with Ca(OH)2 in the present study.

On the other hand, MTA presented a higher 
success rate, and the hard tissue bridges were 
primarily composed of dentin without areas of 
necrosis. This material does not contain calcium 
hydroxide, but rather calcium oxide, which is 
transformed into calcium hydroxide when in con-
tact with tissue fluids. According to Seux et al.21 
(1991), it presents some structures that are similar 
to calcite crystals found in calcium hydroxide. They 
attract fibronectin, which is generally responsible 
for cellular adhesion and differentiation. Thus, it 
is believed that MTA may have an effect similar to 
that of calcium hydroxide as to the formation of 
a hard tissue bridge. However, the displacement 
of the material may be reduced, since it is bonded 
to the surface irregularities of the cavity prepara-
tion. This would also facilitate the construction of 
the restoration, since it would allow the utiliza-
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tion of etchants and more adequate utilization of 
the glass ionomer cements. However, considering 
the 3 cases of pulp necrosis with the presence of 
microorganisms in one of them, this resistance to 
displacement was only controlled, and could not 
be entirely eliminated. It seems to be related with 
the use of restorative clinical procedures.

Favorable outcomes as to the utilization of 
mineral trioxide aggregate (MTA) were also found 
by Pitt Ford et al.18 (1996), who investigated the 
pulp response of monkeys to MTA and calcium hy-
droxide cement, revealing the formation of a hard 
tissue bridge in all specimens in the MTA group 
and occurrence of pulp inflammation in only one 
specimen. On the other hand, pulps treated with 
calcium hydroxide cement presented pulp inflam-
mation and the occurrence of hard tissue bridge 
in only 2 specimens. Faraco, Holland8 (2001) con-
ducted a study to compare the actions of calcium 
hydroxide cement and MTA in 30 teeth submitted 
to pulp exposure. Both materials were employed 
for capping and once again the specimens receiv-
ing MTA displayed a repair process with the for-
mation of a hard tissue bridge and the absence 
of inflammation; the results were more favorable 
than those observed for the group treated with 
calcium hydroxide cement. Similarly, in an in vivo 
study, Aeinehchi et al.2 (2003) found more effective 
outcomes with the utilization of mineral trioxide 
aggregate compared to calcium hydroxide P.A. In 
this study, evaluation was performed 6 months 
after capping and the teeth presented a lower oc-
currence of inflammation, hyperemia and necrosis, 

besides a greater formation of hard tissue bridge 
and odontoblastic layer.

Thus, the present results confirmed that not 
only do calcium hydroxide cements present poorer 
histomorphological outcomes compared to MTA, as 
revealed in other studies, but so does calcium hy-
droxide P.A., since it induces a high index of giant 
cells indicating the permanence of foreign bodies 
within the pulp tissue, such as dentin scrapings 
deriving from the action of diamond burs used for 
cavity preparation or even capping material resi-
dues. These particles dispersed within the pulp tis-
sue cause intense macrophagic reaction and their 
presence hinders the desired repair by producing 
a chronic inflammatory infiltrate, as observed in a 
greater proportion of the calcium hydroxide group 
specimens.

This highlights the importance of conducting 
further studies on this material, which has encour-
aging expectations for clinical application.

CONCLUSION

Within the present conditions and consider-
ing the results achieved, it could be concluded 
that MTA was better (significance level of 1%) than 
calcium hydroxide for pulp capping procedures, 
presenting lower levels of infection and necrosis.
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