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Abstract

In order to evaluate the pulp irritation by the restorative materials in detail, we developed a new testing method
for examining the dentinogenesis ability of the pulp cells in the teeth filled with restorative materials.

Actually, there exist apparent discrepancies between the results of cytotoxicity test and current pulp irritation
test with some materials. It led us to develop the new method that enables to evaluate the irritation by restorative
materials not by morphological changes but by functional changes of cells for dentinogenesis ability.

The details of this test is as follows : after pulpotomy, the function of the pulp cell recovering from various
irritations such as cavity preparation and filling is evaluated in terms of the amount of the formation and the degree
of the maturation of dentin bridge formed under the surface of amputated pulp.

Five restorative materials were examined with this method, and the results of the dentin bridge formation and
maturation were different among the materials. It indicates that the irritation for the dentinogenesis ability of the
pulp cells by the properties of each restorative material can be affected, and the response of pulp cells to the

irritations can be quite different from the evaluation with the conventional pulp irritation test. The new pulp

irritation test may explain such discrepancies of the result when compared with the cytotoxicity test.

It was confirmed that the new testing method can be useful for pulp irritation test of restorative materials.

Key words : New pulp irritation test / Restorative material / Dentinogenesis ability / Pulpotomy / Dentin

bridge

Introduction

The biological evaluations of dental materials
and devices in Japan are specified as JIST 0993"
in accordance with ISO 7405% and 10993%.
Although biological tests for dental materials are
generally composed of cytotoxicity test, preclinical
test, and clinical test, it is required to carry out in
vivo simulation test using animal teeth especially

for restorative materials for filling teeth.

Histopathological pulp irritation test belonging
to the category of mock trial has been established
as a method of evaluation for the irritation of
restorative materials to dental pulp®™'®. This test
is composed of some procedures : cavity preparation
on vital teeth of animals under general anesthesia,
filling with restorative materials of interest, and
investigate their pulp responses at each stage after
treatment. It is based on the principle that the

irritation by materials on the dentin can be directly



17~19)

effected to the pulp via dental tubles .

The pulp irritation test is performed for every
newly developed restorative material and many
reports have been published* ™. The irritations by
commercial restorative materials have been regarded

9719 However,

as slight by the pulp irritation test
there are some reports that these results are
markedly different from those of the cytotoxicity
test?” and subcutaneous implant test®. Especially
in resin composites and dental cements, it has been
often demonstrated that their irritations of pulp were
slight by the pulp irritation test and they would not
cause negative influence in clinical situation® ™ in
spite of their considerable cytotoxicities™ . It is,
however, easy to assume that irritable constituents
in the materials filled in the cavity may pass to the
1719 and they

can cause of the non-negligible stimulation of the

pulp through the dentin of cavity floor

pulp. In fact, we encounter such cases in which the
irritation by material may be suspected to affect
the pulpitis in our clinical experiences occasionally.

These discrepancies suggest a possibility that the
current pulp irritation test may not fully evaluate
the potential of pulp irritation of materials®. As
the evaluation criteria of the current test are solely
based on the morphological changes of pulp cells®™*,
functional changes of the cells should be revealed
by novel test. It is difficult to explain the functional
changes of cells from the test merely observing the
morphological changes of pulp cells with time. In
case that the cell functions decline® ™, it is well
assumed that the various clinical problems may
occur. Recently, other symptoms such as allergy
have also been pointed out®™*”, and it should be
emphasized that the currently approved evaluation
methods are not always sufficient for confirming the
biological safety of materials.

Therefore, we developed a new method® ™ for
detecting functional changes of pulp cells and
obtained new findings by examining the pulp
irritation by resin composite. This test is composed
of pulpotomy after the pulp recovers from various
irritations such as cavity preparation and filling,

followed by evaluation of the function, dentinogen-

esis ability, of the irritated pulp cells in terms
of the amount of the formation and the degree of
maturation of dentin bridge under the surface of
amputated pulp.

In the present study, we carried out the new test
to examine the pulp irritations by five restorative
materials and verified the validity of this testing
method.

Materials and methods

1. Materials
A. Experimental animals

Twenty-one Wister specific-pathogen-free
9-week-old rats, weight is 250 to 350 g, were used
under barrier system condition. They were fed with
sterilized water and solid diet and well habituated
to the environment before experiment.
B. Restorative materials

The restorative materials used for filling are
listed in Table 1. Experimental animals are divided
into 5 experimental groups by restorative materials.

14 .
' the restoration

In order to avoid marginal leakage
site was covered with materials for pit and fissure
sealant (Teethmate-A, Kuraray, Tokyo, Japan).

C. Pulp capping agent

Calcium hydroxide (Calvital ;s CV, Neo, Tokyo,
Japan)®” was used for pulp capping, zinc oxide
eugenol cement for lining and amalgam for filling
(Table 1).

II. Experimental methods
A. Experimental procedure

The animal protocol was carried out according to
the guidelines for animal care of Kyushu Dental
University with ethical approval obtained from the
institutional panel for animal care.

Rats were deeply anesthetized by intraperitoneal
injection of 5% pentobarbital sodium (Nembutal,
Sumitomo Dainippon Pharma Co., Osaka, Japan)
at a dose of 30 mg/kg, and settled to a specified

39,41
' same as reported

cavity preparation apparatus
by Murai*’. The experimental teeth and their
surrounding area were washed and cleaned with
0.5% chlorhexidine gluconate solution (Hibitane,

Sumitomo Dainippon Pharma Co., Osaka, Japan)
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Teble 1 Materials used
Code Material Product Manufacturer
EZ Zinc oxide-eugenol cement Neodyne Neo Tokyo Japan
CR Resin composite Clearfil Kuraray Tokyo Japan
K-echant
Clearfil new bond
AM  Amalgam Sphrical D Shoufu  Kyoto Japan
GI Glass ionomer cement Fuji ionomer Type I  G-C Tokyo Japan
SC Silicate cement Luxsilit DMG Hamburg Germany
cavity preparation pulpotomy  observation observation observation
restoration pulp capping (1 week) (2 weeks) (4 weeks)
i | | i
2 weeks 1 week 1 week 2 weeks

Fig. 1 Experimental procedure
before experiment.

The experimental processes are shown in Fig.1
and Fig.2. Simple cavity was prepared on the
mesial aspect of maxillary bilateral first molars at
0.4 mm depth with a #1/2 round bur except for 7
molars as control. After irrigation with 0.5%
chlorhexidine gluconate solution and sterilized
water and drying, the cavity was filled with one of
material, randomly allocated, according to the
manufacturer’s recommendation. Filled sites were
covered with a sealant to avoid marginal leakage,
and cusps of lower first molars were ground and
removed to prevent occlusion.

Two weeks later, pulpotomy was carried out
under deeply anesthesia with above-mentioned. The
occlusal surface of pre-treated upper first molar
was ground perpendicularly from above its central
cusp to a depth of 1.4 mm to form the standardized
amputation with a #1/2 round carbide bur on the
specified cavity preparation apparatus™*. After
the surface of amputated pulp was washed
alternately with 10% hypochlorite solution and 3%
hydrogen peroxide, subsequently washed with
physiological saline and dried, amputated pulp was
capped with calcium hydroxide, lined with zine
oxide eugenol cement, and filled with amalgam.

As a control group, the same pulpotomy was

cavity preparation
restoration
(first stimulation)

<

M
pulpotomy
gz Pulp capping
(second stimulation)
cv

[
=

Fig. 2 Schematic illustration of the experimental tooth

performed for intact teeth without any treatment.
The test was carried out for 7 teeth for each of
experimental and control groups.

B. Histological observation

The postoperative intervals of sacrifice were 1, 2,



Fig. 3 Thickness of dentin bridge were examined below.
The thickness of dentin bridge (xzm) =Area of dentin
bridge ((]) /Diameter of amputated pulp ()

and 4 weeks after pulpotomy. After each interval,
rats were euthanatized by excessive dose of 5%
pentobarbital sodium. Immediately maxillary
segments including the experimental teeth were
extracted and immersed in 10% neutral formalin
solution. After completely fixation, they were
decalcified in Plank and Rychlo rapid decalcifying
solution for 5 days, neutralized by 5% sodium
sulfate solution, washed by water and dehydrated
by graded ethanol. Then the teeth were paraffin-
embedded following common procedures and were
serially cut at a thickness of 5 x«m. Hematoxylin
and eosin staining and Hucker-Conn Gram staining
were performed for the specimens.
. Method of evaluation

Five specimens from each tooth were analyzed.
The thickness and maturation level of the dentin
bridge formed under the surface of amputated pulp
and the morphology of the pulp just below the
dentin bridge were obserbed.

The thickness of the dentin bridge was calculated
from the following formula and the data were
averaged (Fig. 3).

Thickness of dentin bridge (xm)=Area of dentin
bridge/Diameter of amputated pulp

NIH image (National Institutes of Health, Bethesda,
MD) was used for measurement and the data were
statistically analyzed by one way ANOVA test.

The maturation level of the dentin bridge was

BTIESE 25 2017

expressed as (+) for highly calcified dentin having
tubular structure, (—) for osteodentin having no
tubular structure and (%) for mixture of both

dentins.
Results

Table 2 and Fig. 4 show the changes in thickness
with time of the dentin bridge formed under the
surface of amputated pulp of the tooth filled with
restorative material at the mesial side before
pulpotomy. Histopathological features of the
surface area of amputated pulp in the filled teeth
at 1 week and 4 weeks are exhibited in Fig. 5 to
Fig.10, and the degrees of maturation of the dentin
bridge at 4 weeks are shown in Table 2.

In the teeth filled with zinc oxide eugenol cement
(EZ-P), the thickness of the dentin bridge and its
increments with time were almost equivalent to
those in the unfilled teeth (NO-P) through all the
experimental periods. The teeth filled with resin
composite (CR-P) tended to show smaller
thickness of the dentin bridge than the teeth filled
with other materials at every period, and the
thickness was significantly smaller than NO-P at 1
and 2 weeks (p<0.01). In the teeth filled with
amalgam (AM-P), the thickness increased in an
approximately equivalent ratio from 1 week through
4 weeks and it showed significantly smaller
thickness than the unfilled teeth at 1 and 2 weeks
(p<0.05, 0.01). Marked increases in thickness of
the dentin bridge were found from 1 week to 2
weeks in the teeth filled with glass ionomer cement
(GI-P) and silicate cement (SC-P). The GI-P was
obserbed larger thickness than the NO-P at 2 and
4 weeks (p<<0.05, 0.01). In the SC-P, the thickness
was smaller at 1 week (p<(0.05) and larger at both
2 and 4 weeks (p<0.05, 0.01) than in the NO-P.

The NO-P group at 1 week was showed a
formation of poorly calcified dentin bridge with
cellular dentin beneath the necrotic zone. At 4
weeks a highly calcified dentin bridge with tubular
structure and palisading of spindle cells was
observed (Fig.5). The EZ-P group at 1 week
showed an early-formed dentin bridge consisting of
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Teble 2 Evaluation of dentin bridge

Experimental Average thickness (xm) Degree of
group 1 week 2 weeks 4 weeks  maturation
NO-P 10527 192+£25 21629 +
EZ-P 87421  164+38  194+17 - +
CR-P 24+14%%  129417** 187428 +
AM-P 51+39* 1324+32** 232427 +
GI-P 8527 228+26* 2744+30"* +
SC-P 54+35* 242+40* 316+51** —
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Fig. 4 Changes in thickness with time of the dentin
bridge formed on the surface of amputated pulp.
--«(O++ NO-P (Control) —A—EZ-P
—[J—CR-P —@— AM-P —A— GI-P
—M— SC-P

basophilic demarcation and acidophilic matrix
layers beneath the necrotic zone. At 4 weeks, a
formation of highly calcified dentin bridge with
tubular structure and odontoblast-like cells just
below the dentin bridge was observed (Fig.6).
These features were almost the same as those in
the NO-P group (Fig.5). The CR-P group at 1
week showed an incomplete closure of the wound

by an eosinophilic matrix beneath the necrotic

*P<0.05 **P<0.01

zone. At 4 weeks, similar to those in control group,
highly calcified dentin bridge with tubular structure
was formed (Fig.7). The AM-P group at 1 week
showed an incomplete closure of the wound by a
dentin bridge with tubular structure and palisading
of cuboid odontoblasts. At 4 weeks, highly calcified
dentin bridge with scarcely any tubular structure
and palisading of oval-shaped odontoblasts just
below the dentin bridge was observed (Fig.8). The
GI-P group at 1 week showed an incomplete
closure of the wound by a dentin bridge consisting
of largely of tubular dentin as well as a cellular
dentin area just below the necrotic zone. At 4
weeks, a continuous formation of both a cellular
dentin bridge and a highly calcified tubular dentin
bridge was observed with palisading of cuboid
odontoblasts just below them (Fig.9). The SC-P
group at 1 week showed a closure of wound by
eosinophilic matrix beneath the necrotic zone and
palisading of ovoid cells just below the eosinophilic
matrix. At 4 weeks, a formation of dentin bridge
consisting of both a cellular and vascular area and
a nearly acellular osteodentin-like area was
observed (Fig.10).

In the teeth filled with restorative materials,
pulp hyperemia was observed adjacent to the dentin
bridge in all of the specimens, although recovery
from the circulatory disturbance of the pulp just
below the dentin bridge was noted in the unfilled
control specimens.

In addition, only a little penetration of bacteria
was recognized in a few cases, which was limited to

a part of the cavity wall and no changes in pulp
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Fig. 5a NO-P (Control) group, near the wound pulpotomy, 1-week postpulpotomy (H-E., X50). Beneath the necrotic zone, a
formation of poorly calcified dentin bridge with embedded cells is observed. Hyperemia without inflammatory cell

infiltration is noted in the adjacent pulp tissue.

b NO-P group, near the wound pulpotomy, 4-week postpulpotomy (H-E., X50). A highly calcified dentin bridge with tubular
structure is shown. Palisading of spindle cells just below the dentin bridge is noted. The adjacent pulp tissue recovers the

circulatory impairment.

Fig. 6a EZ-P group, near the wound pulpotomy, 1-week postpulpotomy (H:E., X50). Beneath the necrotic zone, an early-formed
dentin bridge (87 #m) consisting of basophilic demarcation and acidophilic matrix layers is noted. Hyperemia is observed
in the neighboring pulp tissue.

b EZ-P group, near the wound pulpotomy, 4-week postpulpotomy (H:E., X50). This shows complete closure of the wound
by highly calcified dentin bridge with tubular structure and spindle cells just below the dentin bridge. Hyperemia is noted
in the pulp.

response were detected by such an existence of

bacteria.
Discussion

Actually, there exist apparent discrepancies
between the results of cytotoxicity test and current
pulp irritation test in some materials* **"®_ Tt led us
to the idea of the present study to evaluate the irri-
tation of restorative materials not by morphological
changes but by functional, dentinogenesis ability,

38~41)

changes of cells .
It has so far been demonstrated, for example,

that the pulp disturbance in the teeth filled with
resin composites would be caused not by the
irritation by resin composites themselves but by

bacteria remaining in the cavity or penetrating

14~16)

through marginal gaps . It was, therefore, once

discussed that resin composites might be available

l44~46

for a direct pulp capping materia '. However,

cytotoxicity was clearly recognized in resin

#7%0 " even though it showed good results

10~16

composites
in pulp irritation test"'®. Furthermore, extensive
apoptosis of the pulp cell was observed in the

filling with resin materials according to the



A new pulp irritation test for restorative material (Terashita et al.)

Fig. 7a CR-P group, near the wound pulpotomy, 1-week postpulpotomy (H:E., X50). Beneath the necrotic zone, an incomplete
closure of the wound by an eosinophilic (acidophilic) matrix was observed. Hyperemia was noted in the adjacent pulp
tissue.

b CR-P group, near the wound pulpotomy, 4-week postpulpotomy (H:E., X50). This shows highly calcified dentin bridge
formation with tubular structure and palisading spindle cells just below the dentin bridge. Mild hyperemia is noted in the
adjacent pulp tissue.

ol e A PR wgd
. AM-P(1W) 4 ﬁ AT 4

Fig. 8a AM-P group, near the wound pulpotomy, 1-week postpulpotomy (H-E., X50). Beneath the necrotic zone, an incomplete
closure of the wound by a dentin bridge with tubular structure is observed. Palisading of cuboid odontoblasts just below
the dentin bridge is noted. The adjacent pulp tissue shows no remarkable changes.

b AM-P group, near the wound pulpotomy, 4-week postpulpotomy (H-E., X50). Beneath the necrotic zone, a highly
calcified dentin bridge with almost no tubular structure is observed. Palisading of oval-shaped odontoblasts just below the
dentin bridge is noted. The adjacent pulp tissue shows hyperemia.

conventional pulp irritation test method*”. It was
detected that the apoptotic cells were not limited
to the pulp just below the cavity but widely spread
over the entire pulp.

Cytotoxicity test is apt to be unvalued because it
is much apart from the clinical situation compared
with the pulp irritation test taking account of the
existence of dentin. However, dentin is tubular
structure and it is anticipated that the irritable
constituents dissolved from material can easily

17~19)

penetrate to the pulp , and cause pulp disorder

or sometimes bring about pulp necrosis by

following combined irritations. The current pulp
irritation test is unable to identify such possibility of
risks. We also have no bases for above speculations
and it is necessary to confirm them by some other
investigations. Under these circumstances, the pulp
response to restorative materials was examined
utilizing the new testing method in the present
study.

The new method aims to evaluate whether the
pulp irritated by restorative materials in the cavity
may maintain its original reparative function or not

in terms of amount of formation and degree of
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Fig. 9a GI-P group, near the wound pulpotomy, 1-week postpulpotomy (H-E., X50). An incomplete closure of the wound by a
dentin bridge consisting largely of tubular dentin is observed, though a cellular dentin area is also noted just below the
necrotic zone. The adjacent pulp tissue shows no remarkable changes.

b GI-P group, near the wound pulpotomy, 4-week postpulpotomy (H-E., X50). This shows a formation of dentin bridge
consisting of two contiguous, but distinct dentin : a cellular dentin-like tissue and a highly calcified tubular dentin.
Palisading of cuboid odontoblasts is observed just below the dentin bridge. Mild hyperemia is noted in the adjacent pulp

tissue.

Fig. 10a SC-P group, near the wound pulpotomy, 1-week postpulpotomy (H:E., X50). Beneath the necrotic zone, this shows a
closure of wound by eosinophilic (acidophilic) matrix just below which palisading of ovoid cells is observed. Hyperemia
with markedly dilated blood vessels is noted in the adjacent pulp tissue.

b SC-P group, near the wound pulpotomy, 4-week postpulpotomy (H-E., X50). Beneath the necrotic zone, this shows a
formation of dentin bridge consisting of two continuous areas : a cellular and vascular area and a nearly acelluar
osteodentin -like area. Mild hyperemia is noted in the adjacent pulp tissue.

maturation of dentin bridge. In this method, the
formation of the dentin bridge was observed
following pulpotomy from other tooth surface at the
time of the pulp has recovered from the response
to irritations by several filling procedures®*’.
By comparing the results among the restorative
materials, it is assumed to be able to evaluate the
reparative function, dentinogenesis ability, of the
pulp cells subjected to the irritation of restoration. It
may also be possible to observe the effects to the pulp
at the far site of pulpotomy region and appearance

of reparative dentin, and perhaps this method

will allows for the comprehensive evaluation®.

Furthermore, it may be possible to perform the pulp
examination for pulp capping agents if the pulp-
exposed cavity is provided®”.

The present results showed that there were
significant differences in amount of formation and
degree of maturation of the dentin bridge among
the used restorative materials, which apparently
indicates that the irritation by restorative materials
affect the reparative function of the pulp cells. It is
also indicated that the irritation by restorative

materials is not limited to the pulp just below the
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cavity but spread over the entire pulp.

The formation of the dentin bridge in the pulp
subjected to the irritation by resin composite was
delayed and that in the pulp subjected to the
irritations by silicate cement or glass ionomer
cement of which liquid components were acid was
accelerated compared with the pulp of unfilled
tooth as the control. The amount of formation of
the dentin bridge with amalgam linearly increased
and that with zinc oxide eugenol cement showed
almost equivalent level to the control. The degrees
of maturation of the dentin bridge in the pulp
subjected to the irritations by zinc oxide eugenol
cement and resin composite at 4 weeks were similar
to that of the control, those of amalgam and glass
ionomer cement were slightly inferior and that of
silicate cement was apparently inferior to the
control.

Based on the newly developed pulp irritation
test, the irritations by resin composite, amalgam,
glass ionomer cement, and silicate cement affect
the reparative function of the pulp, although the
morphological changes of the pulp cells seem to be

% The results suggest that the irritation

reversible
of resin composite decreased the dentinogenesis
ability of odontoblasts and that of silicate cement,
on the other hand, delayed the differentiation of
odontoblasts, and consequently mature dentin
bridge formation was suppressed in spite of the
abundant formation of immature dentin bridge.
Nakayama et al. reported from an examination by
the same evaluation method as this study that when
resin composite was filled on the exposed pulp
in the prepared cavity, the dentin bridge was
abundantly formed on the surface of the amputated
pulp, even though the dentin was immature®. The
results were not similar to those for resin composite
but rather similar for silicate cement in this study.
The difference in the pulp response to resin composite
between them may be arisen by the existence of the
cavity floor dentin. In this study the permeability
of its constituents to the pulp would be decreased
by the cavity floor dentin, whereas it was filled on

the exposed pulp with bonding agent and its

constituents were directly in contact with the pulp
in the test of Nakayama et al.'”. Anyway, both of
the resin composite and silicate cement may have a
high risk of disturbing the reparative ability of the
pulp cells even in the clinical use if the cavity floor
dentin cannot completely intercept the passage of
all the irritants from the restorative materials. As
for amalgam and glass ionomer cement, complex
mixtures of mature and immature dentin bridges
were found. It suggests that their irritations would
cause further complicated pulp responses. The
effects of amalgam on reparative function of the
pulp cells are somewhat strong since the decreased
dentinogenesis ability, and those of glass ionomer
cement are relatively slight.

As for zinc oxide eugenol cement which had been
judged to be irritable by the cytotoxicity test®
caused no pulp disturbance because of no passage
of constituents to the pulp when it was filled in the
cavity, and it was confirmed to be available for a

148, 49)

contro in pulp irritation test.

Conclusion

In order to evaluate the pulp irritation by the
restorative materials in detail, we developed a new
testing method for examining the dentinogenesis
ability, amount of formation and degree of
maturation of dentin bridge, of the pulp cells in the
teeth filled with restorative material.

Five restorative materials were examined with
this method, and it was observed that the amount of
formation and degree of maturation of the dentin
bridge were different among the materials. It
indicates that the irritation of dentinogenesis
ability of the pulp cells by the restorative material
is distinctive of each material, which is quite
different from the evaluation with the conventional
pulp irritation test.

It was confirmed that the new testing method is
useful for pulp irritation test by restorative
materials, and thus the test may be able to explain
such discrepancies of the result when compared
with the cytotoxicity test.
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A Case Report of a 25-year Clinical Follow-up of Porcelain LLaminate Veneer Restoration
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Abstract

Porcelain laminate veneer (PLYV) restoration is generally accepted as one of aesthetic dental treatment
to improve the discoloration of teeth. However, few long-term clinical studies have been reported. The
present report shows a 25-year clinical follow-up case of PLV restorations that were carried out to
improve severe discoloration of the maxillary anterior teeth (321[123) by tetracycline.

Nine years after the first restorative treatment, partial fractures around cervical area of PLV on [23
were observed. These fractured PLV of [23 were removed, and re-restored by new PLVs. Twenty-five

years after the first restoration, all PLVs were re-treatment because of the color change.

Key words : Porcelain laminate veneer restoration / Long-term observation / Cervical fracture / Re-treatment
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