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Abstract

In cases of deep caries or trauma of primary teeth, pulpotomy is the procedure of choice to preserve pulp vitality and the
teeth. This study aimed to evaluate the histological analysis and CD31 immunolocalization after pulpotomy using Mineral Tti-

oxide Aggregate or Portland cement in human primary teeth. Twenty mandibular primary molars were divided into two study

groups: G1 - Mineral Trioxide Aggregate and G2 - Portland cement. After conventional pulpotomy, clinical and radiographic

follow-up, teeth at the regular exfoliation period were extracted for histological analysis and CD31 immunolocalization. The
statistical analyses were performed by Kruskal-Wallis followed by Dunn test (P < 0.05). No statistically difference regarding
inflammation and blood vessels amount (P > 0.05) were found between groups. The immunohistochemistry analysis revealed

positive CD31 expression in the blood vessels of both studied groups. Group 1 showed mainly small blood vessels, while

Group 2 exhibited larger blood vessels spread throughout the remaining pulp tissue not related to inflammatory infiltrate.

Both materials behaved histologically similar regarding pulp inflammation and vascularization with intense CD31 positivity

on the wall of blood vessels.
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Introduction

Primary teeth maintenance is critically important for the integrity
and aesthetics of the dental arches prior to the eruption of the
permanent successors. In cases of deep caries or trauma, pulpot-
omy is the procedure of choice to preserve pulp vitality and the
teeth [1-3]. Nowadays, the dental market has different products
indicated for pulp dressing after pulpotomy, although the bio-in-
ductive and regenerative materials are the most indicated, includ-
ing the mineral trioxide aggregate (MTA) and Portland cement

(PC) [2, 4, 5].

Following pulpotomy, MTA exhibited highly successful out-
comes, potential for pulp repair, and biocompatibility |2, 5, 0].
Several studies demonstrated that the main components of MTA
are similar to those of Portland cement, and the only difference
between them is the bismuth oxide present in the MTA formula
[4, 7]. Accordingly, PC would be a suitable substitute for MTA [7].
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The regenerative functions of the pulp are direct linked to angio-
genesis, which helps in the cell migration into the tissue [8-10].
The Cluster of Differentiation 31 (CD31) is a member of the
immunoglobulin gene superfamily that mediates cell-cell adhesion
through homophilic and heterophilic interactions and transduces
intracellular signals that upregulate the function of integrins on
leukocytes, activation of platelets and T cells, and angiogenesis
[11-13].

The aim of this study was to evaluate the histological analysis and

CD31 immunolocalization after pulpotomy using Mineral Triox-
ide Aggregate or Portland cement in human primary teeth.

Material and Methods

The study protocol was approved by the Institutional Review
Board regarding ethical aspects (protocol #121/2009). The clini-
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cal procedure, associated risks and benefits were fully explained to
the parents or legal guardians of the children. Written informed
consent was obtained from the parents or legal guardians of the
participants prior to investigation. All the children were screened
by taking a detailed history and performing a thorough clinical
and radiographic examination.

A total of 20 primary molar teeth in 17 patients were assessed
for the study following the inclusion criteria: primary mandibular
first or second molars compromised by deep caries with the pos-
sibility of proper restoration, vital pulp with no fistula or abscess,
absence of internal or external root resorption at radiographic
examination, and intraoperatively, only when hemostasis was ad-
equately achieved within 5 minutes after coronal pulp amputation.
Exclusion criteria were related to the presence of systemic pathol-
ogy and history of allergic reaction to local anesthetics or some
of the constituents of the dressing materials.

All selected teeth were divided into the two study groups depend-
ing on the capping material used on the pulpotomy: MTA or PC.
After local anesthesia and rubber dam isolation, caties removal
was accomplished with hand piece with a round bur and the
opening of the pulp chambers was conducted with high speed
and round carbide bur. Coronal pulp tissue was amputated manu-
ally with an excavator, followed by irrigation with saline solution
until bleeding ceased. These procedures were performed by two
previously calibrated pediatric dentists, at one single session as
described previously [1].

The amputated pulp stumps and chamber floor were covered
with MTA (Angelus, Londrina, PR, Brazil) or PC (Votorantim-Ci-
mentos, Sao Paulo, SP, Brazil), according to the respective groups.
All teeth were restored with reinforced zinc oxide-eugenol (IRM,
Dentsply, Petropolis, R], Brazil) followed by resin-modified glass
ionomer cement (Vitremer, 3M ESPE, Sao Paulo, SP, Brazil).
Then, the patients were dismissed and recalled at periodic follow-
ups at three-month intervals, until the treated teeth achieved the
regular exfoliation period to be extracted for histological and im-
munohistochemistry analysis [1, 14].

Histological Preparation

Following postoperative intervals, the teeth were extracted and
immediately fixed in 10% neutral formalin solution for 24 hours,
and decalcified in 4% EDTA solution for 45-60 days. Subsequent-
ly, each tooth was embedded in paraffin wax and 5 pm-thick serial
sections were obtained and stained with hematoxylin and eosin.
The histological evaluation was made under a light microscope
(Catl Zeiss, Oberkachen, Germany) and based on the scores
previously described for inflammation [14]: 0 (none); 1 (mild); 2
(moderate); 3 (intense); and 4 (necrosis); and vascularization: 0
(absent); 1 (regular amount of blood vessels); and 2 (great amount
of blood vessels). The data obtained were subjected to statistical
analysis by Kruskall-Wallis followed by Dunn test to determine
statistically significant differences (P < 0.05).

Immunohistochemical Preparation

Tissue sections were digested with Proteinase K (Dako North
America, Carpinteria, CA, USA) for 25 minutes, and the endog-
enous peroxidase activity was blocked with 3% hydrogen perox-
ide solution in methanol (0.01M) (Easy Path (EP) 12-205222, Sio
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Paulo, SP, Brazil) for 10 minutes. Sections were incubated with
polyclonal goat anti-human CD31 antibody (Santa Cruz — (M-20)
sc - 1506, Santa Cruz Biotechnology, Santa Cruz, CA, USA) at
1:100 dilution for 30 minutes, and then sections were rinsed with
phosphate-buffered saline and incubated with a horseradish per-
oxidase (HRP)- conjugated secondary antibody (Advance, DAKO
North America Inc, Carpinteria, CA, USA) for 30 minutes. Fur-
ther, 3,3’-diaminobenzidine tetra hydrochloride (DAB) solution
was used to stain the sections and Lillie-Mayer’s hematoxylin was
used to counterstain the sections for 60 seconds.

The statistical analyses were performed by Kruskal-Wallis fol-
lowed by Dunn test (P<0.05). The CD31 expression in the den-
tin-pulp complex was descriptively analyzed, emphasizing the
presence and formation of blood vessels and the presence or ab-
sence of cells related to inflammation and repair of the pulp tis-
sue, under light microscope (Catl Zeiss, Oberkachen, Germany)
at x100 magnification.

Results

Microscopic descriptive evaluation of MTA-treated and PC-
treated pulp tissue showed absence of inflammatory infiltrate
within dense connective tissue presenting regular vascularization
(Figure 1A-D). No statistically difference regarding inflammation
and blood vessels amount (P > 0.05) were found between groups
(Table 1).

The immunohistochemistry analysis revealed intense positivity
for CD31 on the wall of blood vessels from both studied groups
not related to inflammatory infiltrate (Figure 2A-D). Specifically,
MTA-treated pulp tissue showed mainly small blood vessels (Fig-
ure 2A and B) compared to PC-treated pulp tissue, where larger
blood vessels were observed spread throughout the remaining
pulp tissue (Figure 2C and D).

Discussion

MTA and PC consist of tricalcium silicate, tricalcium aluminate,
calcium silicate, and tetracalcium aluminoferrite that mixed with
water form calcium hydroxide [0, 7]. Calcium hydroxide is highly
alkaline and when placed directly on the pulp tissue causes su-
perficial necrosis that provokes mild inflammation and a cascade
of events aiming at pulp repair [15]. The cascade of pulp repair
events begins after pulp amputation and in response to injury
to endothelial cells, progenitor pulp cells can be activated by the
signaling molecules released by the endothelial cells and migrate
to the injury site to initiate inflammatory reactions and the heal-
ing process [8-10]. In one hand, angiogenesis is essential for the
pulp wound-healing process, because blood vessels account for
nutrition and oxygen supply, transport of metabolic waste, pulp
homeostasis and metabolism, and stem/progenitor cell migration
[15]. On the other hand, pulp fibroblasts play an important role in
angiogenesis, because they express angiogenic signals that can act
on endothelial cells, namely VEGF and FGF-2 [8].

In this context, the cellular adhesion molecules (CAMs) aid in
the interaction of leukocytes with the endothelial cells to initiate
the inflammatory response in dental pulp [16]. PECAM-1/CD31,
one of these CAMs, plays a role in transmitting mechanicals sig-
nals in response to fluid forces in the endothelial cells [11], has a
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Figure 1. MTA-treated (A and B) and PC-treated (C and D) pulp tissues showing dense connective tissue with regular vas-
cularization and absence of inflammatory cells. HE staining, scale bar: 100 pm (A and C) and 20 pm (B and D).

Figure 2. CD31 immunostaining revealed intense positivity in small blood vessels (») of MTA-treated (A and B) compared
to larger blood vessels (P P>) of PC-treated pulp tissue (C and D). CD31 immunostaining, scale bar: 100 pm (A and C) and
20 pm (B and D).

Table 1. Results of pulp inflammation and vascularization (Kruskall-Wallis test followed by Dunn test).

MTA

Pulp inflammation

Vascularization

1.25 + 0.25

PORTLAND | p
0.66 +0.33 | >0.05
15+05 | >005

significant impact on endothelial cell-cell and cell-matrix interac-
tions by augmenting cell migration and capillary morphogenesis
[12], and is found on the endothelium of all vessels types, justi-
fying its use as immunohistochemical marker of blood vessels,
particularly in angiogenesis [12, 17].

The successful treatment with these biocompatible pulp capping
materials relies on properties as biocompatibility and low cytotox-
icity [7, 18]. The histological analysis of pulpotomized teeth is of
extreme importance because the pulp repair process after injury is
based on interaction of fibroblast-like cells, inflammatory and im-
mune cells, vascular and perivascular cells, and latent or dormant
pulpal stem cells (progenitors) [15, 19].

In this study, the main difference between the materials was the
size of the blood vessels showing CD31 immunolocalization.
MTA-treated pulp tissue showed small blood vessels, while PC-

treated pulp tissue exhibited large blood vessels immunostained
by CD31. Although larger blood vessels with intense CD31 reac-
tivity in the subodontoblastic layer and pulp tissue core are linked
to inflamed pulp [15, 20|, both groups exhibited normal histo-
logical signs as absence of inflammatory infiltrate within dense
connective tissue showing regular vascularization. Large blood
vessels and intense expression of adhesion molecules in vascular
tissue favor the increase of tissue fluid with inflammatory cells,
especially leukocytes, a critical step in the beginning of the immu-
nological response to tissue inflammation [16, 20]. These results
reaffirm the biocompatibility of both materials showed by long-
term clinical and radiographic success [1-3].

Conclusion

This study found the suitability of both MTA and PC as pulp cap-
ping materials in the pulpotomy of primary teeth, because both
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materials behaved histologically similar regarding pulp inflamma-

tion and vascularization with intense positivity for CD31 on the

wall of blood vessels.
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