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Abstract

The possibility of materials adhesion to dental hard tissues has enabled modern approach to operative dentistry with minimal

intervention and very conservative preparations to preserve tooth structure. The objective of this study was to evaluate the response

of the complex dentin - pulp, using resin cements for cementation of ceramic after cavities prepares, made by KG Sorensen #3131,

through histological and immunohistochemical analysis for VEGF in pulp cells of extracted third molars, immediate at 7 and 30 days,

of patients after preparation and cementation of ceramic. Although inflammatory responses observed in the group of immediate

extraction after analysis, we can observe a normalcy standard in pulp responses after 7 and 30 days, suggesting a cellular reorganiza-

tion after the injury by the cavity prepare.
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Introduction

The search for dental materials that are biocompatible with the
dentin-pulp complex, and suitable concerning physical, mechani-
cal and esthetic properties, has guided the development of several
commercial products. The possibility of materials adhesion to den-
tal hard tissues has enabled modern approach to operative dentist-
ry with minimal intervention and very conservative preparations
to preserve tooth structure [1]. In order to innovate products and
techniques, the dentistry market has launched improved versions
of materials. New products and updates to those already marketed
are intensely released by industry and normally presented to the
dentists as differentiated from existing products. However, they

must be thoroughly tested to validate and prove their properties

[2].

Another important aspect to consider is the restorative proce-
dure, Independent of the type of restoration when performing a

preparation, nearly 2 million dentinal tubules (30,000 to 40,000

dentinal tubules per mm?) can be exposed. This procedure leads
to risks of damage for the pulp after preparation. Such damage
can be more or less severe depending on the heat generated by a
rotating device, amount of remaining dentin, dentin permeability,
provisional restoration, the final cement type and degree of leak-
age [3]. According to Al-Dawood [4], there are two reasons for the
occurrence of pulp inflammation after restorative procedure: the
toxicity present in the composition of cement and a possible bacte-

rial infection.

Modern concepts of indirect restoration have permitted more
sophisticated applications of adhesive techniques, providing bet-
ter esthetic and biomechanical characteristics of the restorative
work [5]. Adhesive system has been considered the best choice for
both direct techniques and cementation of indirect restorations
and application of low viscosity resins (resin coating) on the pre-
pared teeth showing good biomechanical behavior [6]. However,
the interface quality is constantly being questioned about bonding

strength and marginal adaptation [7,8].
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Pulpal responses for these restorative procedures are not yet
clarified. An important aspect to be considered in evaluating the

biocompatibility of a material is the potential for repair [9].

Vascular endothelial growth factor (VEGF) is a glycoprotein that
shares homology with platelet-derived growth factor and is a po-
tent inducer of microvascular permeability. VEGF is considered as
an essential factor for differentiation of the vascular system [10]. It
is a potent pro-inflammatory mediator [11], and mediates vasculo-

genesis and angiogenesis [12].

Response capacity of the pulp, therefore, depends on the inte-
gration of numerous cellular and extra-cellular factors. Some rein-
forced ceramic systems are susceptible to conditioning with hydro-
fluoric acid to 10%. These systems are known as siliceous ceramic

system, which contain a network of Si0, in its composition.

The conditioning produces micro retentions, which are effec-
tive in the interaction with the resin cement. However, these ce-
ramics are joined to the resin luting agents by condensation, us-
ing silanization agent. The reinforced ceramics that do not contain
Si02 composition are not capable of being conditioned and have
no chemical union resin luting agents, even with the use of silane.
Thus, this experiment aims to evaluate the pulp response against
different adhesive cementation techniques in indirect inlay ceram-

ic restorations.

Materials and Methods

This in vivo study was deemed to be ethical according to the
Brazilian Guidelines (Resolution 196 of the National Health Coun-
cil, 1996), and the protocol was approved by the Research Ethics
Committee of the University of Uberaba (protocol 026/11). Signed
consent was given by patients or their parents after they had re-

ceived a thorough explanation about the study.

Thirty-two healthy third molars showing no clinical or radio-
graphic impairment, with complete formed roots and indicated for
extraction were selected for this study. All clinical procedures were

executed by a single professional.

Teeth were randomly divided into 3 groups according to the
materials used (Table 1): control groups: Positive control (PC) and
negative Control (NC) and experimental groups: group I: Teeth re-

ceived cementation of ceramic e-max (Ivoclar Vivadent, Liechten-
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stein) with Rely X™ Luting 2 Cement (3M Dental Products, St. Paul,
USA); and Group II Teeth received cementation of ceramic e-max
with Rely X™ U100 Cement (3M Dental Products, St. Paul, USA).
Teeth from the experimental groups were extracted after 7 or 30

days for immunohisto—chemical analysis.

. N° of N° of
Experimental Tooth
Groups . . tooth/ tooth/
Material Extraction
Subgroup Total
Ccp? _ Immediate 4 4
CN? _ Immediate 4 4
I Rely X ) Luting Immediate 4 12
7 4
30 4
11 Rely X™ U100 | Immediate 4 12
7 4
30 4

Table 1: Details of the separation of samples groups.
IPC: Positive Control. - Healthy tooth

INC: Negative Control - Tooth prepared without experimental
material

Using a radiographic examination, the size of the occlusal sur-
face between dentin and the pulp chamber was assessed in the ra-
diographic image. The teeth were polished with a rubber cup and
low abrasion prophylactic paste (Odahcam; Dentsply,Petrépolis,
Brazil).

After local anesthesia, the teeth were prepared using a high-ro-
tation sterile diamond 3131# bur (KG Sorensen, Barueri, SP,Brazil)
under water irrigation to reduce the maximum aggression gen-
erated by the friction produced between the drill with the tooth
surface. This preparation followed dimensions of the drill, 3 mm
in depth, 2.5 mm of this/mesial and 2.5 mm vestibule/lingual. The
taper of the surrounding walls was approximately 12 degrees as
the angle of tip of the drill used as recommended by SEGRETO, Rai-

mundo Dario [13].

The depth of the cavities was assessed with measuring instru-
ments and radiographic examination, in order to control the re-

maining pulp dentin wall about 1 mm (Figure 1).
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Figure 1

The internal surface of the e-max (Ivoclar Vivadent) ceramic
restoration was treated with 9.5% hydrofluoric acid for one min-
ute, received application of silane (Monobond-S, Ivoclar Vivadent)

and was left to dry for 5 minutes.

Control Group: NC (The negative control group, consisted of im-
mediately prepared extracted tooth). While PC (The positive con-
trol group, consisted of healthy teeth extracted by natural causes
such as orthodontic indication or third molars indicated for extrac-

tion without preparation).
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Group I (Rely X™ Luting 2) - Equal amounts of base and catalyst
pastes were dispensed into the pad of paper for a device, called by

the manufacturer.

Then, the manipulated cement was applied to the treated sur-
face of the ceramic, which was placed into the cavity by manual

pressure.

Group II (U100 Rely X™) - Equal amounts of catalyst and base
pastes were discharged on the pad exclusively provided by the
manufacturer and the mixture was applied to the internal surface
of the ceramic restoration. Then the restoration was seated in the
cavity by manual pressure. The details of the cement composition

and description are presented in table 2.

After tooth extraction, the teeth were sectioned transversally
and fixed in 10% buffered neutral formalin for 48h. Demineraliza-
tion was carried in 10% ethylene diaminotetraacetic acid (Sigma,
St. Louis, MO,USA) solution (pH 7.3) at room temperature for a pe-
riod ranging from 120 to 180 days. The tissue was dehydrated in
ascending series of ethanol, immersed in xylene, and embedded
in paraffin using conventional procedures. Sagittal sections of 6

um were mounted on glass slides pretreated with 3-aminoprop-

Product Manufacturer Product Product Composition*
Description
Rely X ® 3M ESPE Glass ionomer Paste A: fluorine-glass-aluminum silicate, reducing agent, opacifying
Luting 2 St. Paul, MN, USA cement modified agent, HEMA, water.
by resin clicker Paste B: polycarboxylic acid metacrylic, Bis GMA, HEMA, water,
persulfate potassium load of zirconia silica.

Rely X ® 3M ESPE Self-adhesive resin Paste base: glass fiber, phosphoric acid esters methacrylate,
U100 St. Paul, MN, USA cement in triethyleneglycol dimethacrylate, silane-treated silica, sodium persulfate.

clicker Catalyst paste: fiberglass dimethacrylate substitute treated

silicasilane, p-toluene sulfonate, sodium calcium hydroxide.

Table 2: Materials used, manufacturers and composition.

* According to information from the manufacturer.

yltriethoxysilane (Sigma) and submitted to immunohistochemical

analysis.

For immunohistochemical procedure, the slices were deparaf-
finized in xylene, rehydrated in 100%, 90%, and 70% alcohol, in
distilled water and washed in Tris-buffered saline (TBS). The sec-
tions were then immersed in 0.3% hydrogen peroxide for 1 hour to

block the endogenous peroxide activity. The slides were then incu-

bated with monoclonal antibodies for VEGF for 60 minutes at room
temperature and rinsed with TBS for 3 minutes 3 times. Next, the
secondary biotinylated antibody was applied to the sections, incu-
bated for 30 minutes and rinsed again with TBS. The streptavidin-
biotin-peroxidase complex (Vector) was then applied to the slides,
incubated for 30 minutes, rinsed in TBS and counterstained with
Mayer hematoxylin. Staining specificity was ascertained by omis-

sion of primary antibodies.
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At least 10 representative sections of each specimen were ana-
lyzed under light microscope (BX50; Olympus, Tokyo, Japan). Im-
munohistochemical analysis was performed individually in a blind
fashion by 2 calibrated examiners (kappa index 0.91). Relative
staining intensity was assessed for each molecule at the odonto-
blast layer, predentin layer, and pulp tissue. Samples were scored
as follows: 0 - no immunoreactivity; 1 - weak but visible staining
intensity; 2 - moderate staining intensity; and 3 - strong staining

intensity.

Statistical analysis

The collected data were statistically tested by using Tukey test.

All groups were evaluated three times and significance was con-
sidered when p < 0,05.

Results

The Scan Electron Microscope (SEM) images of the diamond
tips # 3131 (Sorensen kg) used in the study demonstrated the loss
of diamond particles and also accumulation of waste from the cav-

ity (Figure 2).

Y #
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Figure 2

No pain or particular symptoms were reported by the patients
during the study. The radiographic evaluation of the teeth demon-
strated no periapical pathology prior to the clinical procedures or
extraction.
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Histological results

Due the difficulty of working with 3rd molars, the mandibular
arch position and occlusion often deficient, some histological sec-
tions of the region in the final preparation showed distances to the
pulp near to 0.5 mm. (Figure 3a). The individual mean Remaining
Dentin Thickness (RDT) values associated with each material and

evaluation period are given in table 3.

Period ‘ Specimen Groups
Group NC Group | Group II
7 days 1 459.5 461.4 459.3
2 462.3 459.1 458.1
3 458.4 462.8 467.2
4 460.7 464.3 456.4
Mean (SD) | 460.2% | 4619+ 2.21° | 460.2 + 4.14°
1,67
30 days 1 462.7 459.2 460.8
2 460.2 455.1 467.1
3 465.3 470.1 462.0
4 464.1 466.2 459.2
Mean (SD) | 463.07 + | 46225 | 4624+ 3.27°
2.19 6.19
Means identified with the same letter do not differ statistically.

Table 3: Staining levels of VEGF at 7 and 30 days in the investiga-
ted areas.

Data are presented as median and standard deviation of the avera-
ge staining of all sections analyzed per area.

The histological analyses of the healthy tooth revealed pulp tis-
sue with normal histological characteristics. It can be noted the
tubular dentin associated with a homogeneous pre-dentin layer
which is underlined by at the continuous odontoblast monolayer
(Figure 4a).

The histological results of group NC (prepared tooth immediate-
ly extracted) exhibited slight disruption of the odontoblast layer re-
lated to the cavity floor and presence of many small vessels among
the odontoblast cells characterizing the disruption of the odonto-
blast layer. However, the pulp tissue exhibited a defined cell-rich
zone in which small vessels can be noted. In the central layer large

vessels can be observed (Figure 4b).
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Group I and II in general, both at 7 and 30 days, exhibited un-
changed morphology. Their histological features showed that the
pulp response from groups [ and Il were quite similar. The samples
exhibited pulp tissue normally organized with no inflammatory re-

sponse or dentin matrix deposition (Figure 3b).

Figure 3

Immunohistochemistry study

Results revealed a strong immunostaining (Figure 4c) in the
group NC (prepared tooth immediately extracted). However, at

days 7 and 30 days in the group I and Il a weak immunostaining
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similar to the not prepared tooth were observed (Figure 4d) The Figure 4
score of relative staining intensity are showed in table 4.
Healthly tooth | Immediate | GI 7 days GI 30 days GII 7 days GII 30 days
VEGF
Odontoblast layer 1.23+0.03* | 2.19+0.06° | 1.17 £ 0.05* | 1.18 £ 0.09* 1.17 £0.022 1.31+£0.8°
Cell rich layer 1.42+0.08° | 2.06+0.04" | 1.22+0.04* | 1.26 +0.07* 1.27 £0.05° 1.3+0.72

Table 4: Data are presented as median and standard deviation of the average staining of all section analyzed per area. a, b letter,

represent intergroup analysis. Different letters differ statistically (Tuckey, p > 0.05).

Discussion

The ideal way to evaluate the biocompatibility of different ma-
terials for Dentistry, would be to analyze the responses of apical
and periapical tissues by histopathological studies performed in
humans. Some human studies aim to understand the healing char-

acteristics of pulp cells [14].

In the present study, based on previous articles, it was possible
to obtain and analyze samples of human dental tissue, which al-
lowed us to obtain tissue response at a more precise way and to

obtain more precise tissue.

The evaluation of tissue compatibility concerning to different
dental materials is important as dentin and pulp are considered
as one body (dentin-pulp complex), because of the intimate rela-
tionship between the cellular content of dentinal tubules and pulp
tissue [15].

Dentin has an average of 65 to 75,000 tubules per mm? near
the pulp, 30 to 35000 at medium portion and 10 to 25,000 tubules
in the periphery. Close the pulp, the number of tubules whit larger
diameter ranging between 2.5 to 3.0 microns, is larger while on the

periphery it reaches a diameter smaller than 1.0 micrometer, Thus,
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the diffusion of substances through dentin may facilitate their con-

tact with the pulp and cause pathological changes [16].

The direct application of an adhesive resin on sites of pulp
exposure was shown to induce an increase of pulp inflammation
and vascularization [17]. VEGF is produced by several cell types,
such as keratinocytes, macrophages, mast cells and fibroblast. It
was also observed that VEGF increased vascular permeability and
was involved in the pathobiology and progression of inflammation
[18]. Several publications address the potencial role of VEGF in the
biology of the dentin-pulp complex. VEGF has been shown to be
present in the dentin matrix, Which suggests a contribution to the
overall reparative response of the dentin-pulp complex [19]. VEGF

expression has been reported in stromal cells of healthy pulps [20].

The pulp reaction to cavity preparation can range from a dis-
creet inflammatory response associated with a slight tissue disor-
ganization, to a pulp necrosis or a complete pulp collapse. It is ex-
pected that these factors might cause a more intense pulp response
with reduced remaining dentin thickness. In the present study all
the cavities were prepared by one clinician who had relevant clini-
cal experience. Moreover, the burs were replaced after every two

cavity preparations and the burs were verified by SEM (Figure 2).

Despite all these precautions in group NC, we found little disor-
ganization of odontoblast layer with increased vascularity without

inflammatory infiltrate.

In the groups I and II, the pulp tissue showed no histological
changes and no significant inflammatory infiltrate at 7 and 30 days.
These data suggest that the ceramics and the cementation process
did not injury the pulp tissue, and were in contrast, able to protect
the pulp tissue by creating conditions for tissue repair installed im-

mediately after preparation and cementation of ceramics.

It has been reported that odontoblast-like cells and undiffer-
entiated pulp cells express VEGFE, these pulp cells may be an im-
portant source of VEGF in the dental pulp for maintenance of pulp

vascularization [21].

Our results showed increased expression of VEGF in the group
NC (Immediately prepared tooth extracted). These data are consis-
tent with results from Mantellini, et al. [22], by which VEGF was

involved whit regulation of pulp neo vascularization. We believe
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that after the preparation and cementation of resin and immediate
extraction of dental elements, the pulp tissue was influenced for
VEGF secretion and increases the vascularization. At 7 and 30 days
after the operating procedures (Recently, Caprioglio, et al. [23],
reported cases analysis at 7 and 30 days), pulp tissue recovers its
normal standard, as shown by histological and immunohistochemi-

cal results.

As a limitation of this study, we can mention factors such as the
low number of markers used and the ethical limitations for extrac-
tions of human teeth in Brazil. We suggest that further studies be
done to better understand the physiological processes involved in

pulpal inflammation.

Conclusion

Cavite prepare cause inflammatory process at the local of the
injury. Rely X Luting 2 and Rely X U100 showed no pulp responses,
after 7 and 30 days, therefore can be used for cementation of deep

and very deep ceramic restorations.
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