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Histological Study on Dentinopulpal Complex Response to Glass

lonomer Cement Filling in Taiwan Rock Monkey

(Macaca Cyclopis)

GUANG-SHIUN LIN

INTRODUCTION

The filling material and cavity prepara-
tion in cervical abrasion and erosion cavities
to give something trouble to the dentist.
Bis-GMA series composite resin was advocated
recently, it irritated the pulp tissue was also
reported!). The glass ionomer cement, ASPA
cement; is fluorine containing aluminosilicate
glass powder and aqueous solution of poly
alkenylcarboxylic acid, in particular poly
acrylic acid to give the hardening reaction.
The clinical use of this material in abrasion
and erosion cavities by McLean and Wilson(2)
and in caries in primary teeth by Plant(3) has
been advocated. Dahl and Tronstad 1976
observed mild pulp reactions after 8 days
of observation in monkeys(4). They used the
ASPA 11l formula and in vitro cell culture,
they found that the glass ionomer cement
was toxic, when freshly prepared. The toxici-
ty decreased with increased setting time.
Tobias et al found ASPA cement showed
greater reaction than the control materials,
Zinc oxide-eugenol cement and Kalzinol
(reinforced ZOE cement®)). Nordenwall
et al research pulp reaction and microor-
ganism under ASPA and concise composite
fiIIing(G), they concluded that ASPA cement
material provides considerably better cavity

adaptation than composite materials.

MATERIALS AND METHODS

The materials used in this study were
all based on the glass ionomer cements
reported by Wilson and Kent (1972, 1973).
ASPA cement is a newly product glass
ionomer cement. It contained powder
(aluminosilicate glass powder) and liquid
(polyacrylic acid). The adhesion to tooth
structure was of a high order, the actual
adhesive forces are polar, hydrogen bridging
and ionic?). Powder was stored in the re-
frigeator and liquid was stored at room
temperaturel’). Mixing the ASPA cement
with plastic spatula, chilled slab, and power/
liquid ratio is 3:1 g/ml®7) mixing time
30 seconds. The experiment animals are
six Taiwan Rock Monkeys (Macaca Cyclopis)
of body weight 3000 g to 5500 g, in every
molars (except third molar) buccal cervical
area prepared a 1.5-2 mm depth cavity,
with air turbine No. 806/018 inverted cone
diamond bur in full length, dry the cavity
with air blast and cotton-wool, isolate the
teeth with rubber dam. The monkeys were
divided to two groups.

Group |

anesthesia  with
Ketamine 10 mg/kg, I.M. induce and 5%
sodium pentobarbital 25 mg/kg, I.P. 32

Four monkeys,
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healthy molars, experiment group 14 molars,
control group 18 molars, prepared a cavity
as described as before. The experiment
group filled with ASPA cement, without
any other lining or basing material, hold
the material with cervical matrix for 5
minutes, then applicated the copal ether
vanish over the filling material. The control
group were normal saline solution topical
application, dried with cotton, covered with
calcium hydroxide and filled with amalgam.
After 24 hours, 1 week, 2 weeks, 4 weeks,
the monkeys were sacrified (tooth were not
extracted), and formaline perfusion through
the body, fixation with 10% neutral buffer
formalin 48 hours, decalcification with
Plank’s solution, dehydration, paraffin em-
bedding, section and observe under micro-
scope. One monkey died within 24 hours
before sacrified, so we could not make
formaline perfusion, only formalin fixa-

tion.

Group Il

Two monkeys, 16 healthy molars,
experiment group 16 molars (all experiment
group). The procedures and materials were
the same as group |, except after cavity
preparation, etching solution, ASPA condi-
tioner (50% citric acid) was applied to the
cavity for 30 seconds, the teeth then washed
with water, dry the cavity, isolated the
teeth, filled the ASPA cement as group I.
The monkeys sacrified and specimen pre-

pared as group .

RESULTS

The major observation was the dentino-
pulpal response to chemical and mechanical

stimulation. All section showing the minimum
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residual dentin in the floor of the cavity
as measured at right angles to the pulpo-
dentinal junction. The distance of residual
dentin was measured under micrometer.
Thickness of remaining dentin were all
under 2.0 mm (Table 1).

Table 1. Thickness of Residual Dentin

0 -0.5mm 12
0.51-1.0 mm 21
1.01-1.5 mm 13
1.51-2.0 mm 2

Group | 32 teeth, 14 teeh experiment group,
18 control group

There were 5 teeth under 0.5 mm,
18 teeth between 0.51-1.0mm, 7 teeth
between 1.01-1.5 mm, 2 teeth over 1.5 mm.
After 24 hours and 1 week restoration,
there was not any histopathologic change
being found (Fig. 1-3), only 2 case of ex-
periment group 24 hours had secondary
dentin formation under the occlusal surface,
it could be considered as normal physiological
stimulation (Fig. 4). After 2 weeks restora-
tion, both control group and experiment
group were no significant change in the pulp
(Fig. 5, 6), 4 weeks control group 5 teeth,
there were 3 teeth had secondary dentin
formation beneath the restoration (Fig. 7).
Experiment group 4 teeth were all showed
secondary dentin formation under cavity,
and loss of odontoblast (Fig. 8, 9), but
no change on the same level of lingual pulpal
wall, one tooth showed severe venous stasis,
because it could not make formalin perfu-
sion (Fig. 9).

Group Il 16 healthy teeth were divided to
4 groups, each group had 4 teeth

There were 7 teeth under 0.5 mm
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Fig. 1. control group 24 hours, normal pulp con- Fig. 2. control group 1 week, normal pulp con-

, stituents. stituent.
g p: pulp chamber. o: odontoblast. d: dentin p: pulp chamber. o: odontoblast.
(H.E. 100x) d: dentin (H.E. 100x)

Fig. 3. experiment group | 1 week, normal pulp Fig. 4. experiment group | 24 hours, secondary
constituent. detin with physiological stimulation.
p: pulp chamber. o: odontoblast. d: dentin p: pulp chamber. o: odontoblast. d: dentin
1 (H.E. 100x) sd: secondary dentin (H.E. 100x)

MRy ' 2 i
Fig. 5. control group 2 weeks, decrease of number Fig. 6. experiment group | 2 weeks, decrease of
of odontoblast. number of odontoblast.
o: odontoblast. (H.E. 100x) o: odontoblast. (H.E. 100x)
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Fig. 7. control group 4 weeks, secondary dentin Fig. 8. experiment group | 4 weeks, loss of
formation under cavity and loss of odonto- odontoblast, secondary dentin formation
blast. o: odontoblast. d: dentin.

o: odontoblast. d: dentin. sd; secondary dentin. c: cavity (H.E. 40x)

sd: secondary dentin. (H.E. 200x)

Fig. 9. experiment group | 4 weeks, loss of Fig. 10. experiment group Il 4 weeks, with 50%
odontoblast, secondary dentin formation citric acid, secondary dentin formation,
and blood stasis. odontoblast aspirated into dentinal
s: blood stasis, sd: secondary dentin. tubule.

d: dentin. c: cavity (H.E. 40x) sd: secondary dentin. d: dentin.

n: odontoblast nucleus. (H.E. 100x)

5

Fig. 11. experiment group Il 4 weeks, with 50% Fig. 12. experiment group Il 4 weeks, with 50%
citric acid, secondary dentin formation, citric acid, secondary dentin formation,

odontoblast aspirated into dentinal localized infl I infiltrati
tubule, localized inflammatory cell in- ocalized inflammatory cell infiltration.

filtration. c: cavity sd: secondary dentin.
d: dentin sd: secondary dentin. ci: chronic inflammatory cell infiltration
n: odontoblast nucleus. (H.E. 40x)

ci: chronic inflammatory cell. (H.E. 200x)
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Fig. 13. high manification of inset in Figure 12
shows chronic inflammatory cell.
ci: chronic inflammatory ceil. (H.E.
400x)

3 teeth between 0.51-1.0 mm, 6 teeth be-
tween 1.0-1.50 mm. 24 hours and 1 week
experiment group were no response in the
pulp. 2 weeks later there was 1 teeth showed
a narrow band of secondary dentin just
beneath the cavity. 4 weeks specimen that
all of the 4 teeth showed evidence of marked
secondary dentin formation, loss of the
odontoblast, or aspirated it nucleus into
dentinal tubule (Fig. 10, 11). Two teeth in
4 weeks experiment group showed localized
chronic inflammatory cell infiltration (Fig.
12, 13). The inflammatory cell appeared in
the pulp chamber in one tooth was just
under the cavity, the other tooth the in-
flammatory cell was present far from pre-

pared cavity. In 48 specimen, there were

Table 2. Result of Microscopic Finding

Control Group Experiment Group

Group | Group 11
24h 1w 2w 4w 24h 1w 2w 4w 24h 1w 2w 4w

I 0/4 0/4 0/5 3/5 0/3 0/3 0/4 4/4 0/4 0/4 1/4 4/4
Il 0/4 0/4 0/5 0/5 0/3 0/3 0/4 0/4 0/4 0/4 0/4 2/4

I: Secondary dentin formation
I1: Inflammatory cell infiltration

12 teeth (11 teeth in 4 weeks, 1 tooth in
2 weeks) showed secondary dentin forma-
tion under the cavity, 2 teeth were localized
chronic inflammatory cell infiltration (Table
2).

DISCUSSION

The method that we used in this experi-
ment was followed a pattern established

(4,5,6) Some modifica-

in earlier experiments
tion has been done. A good dentinopulpal
response to protect the pulp tissue was re-
parative dentin formation as a barrier to
interrupt the continued irritant to the pulp.
Whether we should thus induce the forma-
tion of reparative dentin is open to question.
However, there is evidence that reparative
dentin can pro.ect the pulp against exogenous
injury1?) . The formation of reparative dentin
after 1 to 3 months indicates a loss of odonto-
blasts; this is consistent with earlier observa-
tions and proposaes made by Gottlieb(13).
The loss of odontoblast, a consistent finding
in these thin dentin covering the pulp cases
in 4 weeks, was probably caused by dehydra-
tion, a result of cavity preparation and air
spray; or caused by cutting of the odonto-
blastic processes themselves, which are
present mainly in the inner 0.5 mm of the
dentin(®), Furthermore, in very deep cavities,
a chemical irritation of the odontoblasts
may have occured from the acid-etching or
from the filling material itself. The loss of
odontoblasts as a result of dehydration or
some other injurious agent seems to be fol-
lowed by the deposition of irregular second-
ary dentin withing two to three months(8:19)

mild localized inflammation was found in
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two cases, that was probably caused by
degeneration of aspirated odontoblast in
the tubules produce inflammation. The
other reason of inflammation may be ex-
plained by passage of toxins of filling material
toward the pulp cause a chemotactic migra-
tion of leukocytes. The greater inflammatory
response to ASPA with citric acid than
ASPA without citric acid confirms the obser-
vations of previous workers (Eriksen, 1974;
Vojinovic et al, 1973; Stanley et al, 1975)
that use of 50 per cent citric acid as a cavity
conditioner enhanced the pulpal inflamma-
tory response to filling materials. It is not
clear whether the more marked changes
observed followed the use of citric acid
are a consequence of additional irritation
from the acid itself or from greater penetra-
tion of the toxic constituents of the filling

materials. In all of the specimen, it is not

clear whether the glass ionomer cement:

being toxic itself or the citric acid is the
main factor that damaged the pulp tissue,
but it seems that ASPA gives more irritant
to the dentinopulpal complex in the deep

cavities than routine amalgam restoration.
CONCLUSIONS

1. ASPA cement is suitable for shallow
cavity filling, if there is a deep cavity,
it is better to have a lining material
than direct filling of ASPA cement.

2. A reduction in the number of odonto-
‘blasts lead to the formation of repara-

tive dentin after 4 weeks.
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