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Effect of Eugenol-containing Temporary Cement
on Pulpal Blood Flow after Full Crown Preparation
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Abstract

Objective: To determine the effect of euge-
nol-containing temporary cement on pulpal blood
flow (PBF) after full crown preparation in human
subjects.

Materials and Methods: The experiments
were carried out on 20 mandibular second pre-
molars prepared for abutments of fixed bridges.
Crown preparation was made using an air-rotor
hand-piece with water-spray under local anesthe-
sia. The temporary bridges were cemented with

eugenol-containing temporary cement (Group
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Introduction

Abutment preparation in fixed prosthodontics
procedures using dental burs in an airotor hand-piece
causes more severe pulp reactions than other oper-
ative procedures, because more dentinal tubules are
exposed. Those prepared teeth need to be covered
with a provisional restoration during fabrication
of the final prosthesis. Temporary cement is used
for bonding the provisional prosthesis to the tooth
structure. It prevents leakage of saliva and bacteria
from outside into the dentine and the dental pulp
and reduces pulpal injury from tooth preparation.
Some types of temporary cement contain eugenol
that has bactericidal and sedative effects. When used
in low concentration, eugenol is slowly released into

dentine and reduces dentine sensitivity and pulpal
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I) or non-eugenol temporary cement (Group II).
PBF was recorded with a laser Doppler flow meter
(LDF) after complete crown preparation (day 0),
one day (day 1) and seven days (day 7) after tem-
porary cementation. The data were normalized to
100 to produce baseline values.

Results: In Group II, the adjusted PBF values
recorded on day 7 were significantly higher than
those on day 1 and day 0 (p < 0.05, Two-way RM
ANOVA). The adjusted PBF values recorded on
day 7 in Group II were significantly higher than
those in Group I. No significant differences were
found between each condition in Group .

Conclusions: There was no change in pulpal
blood flow within a week when cementation was
with eugenol-containing temporary cement, indi-

cating that no pulpal inflammation was observed.

Keywords: eugenol, pulpal blood flow, laser Dop-

pler flow meter, tooth preparation

inflammation from tooth preparation procedures.(!)
On the other hand, eugenol can irritate the pulp when
applied directly on the exposed thin remaining den-
tine. When dentine thickness is less than 0.5 mm,
eugenol is released faster than with thick dentine.(!-2)

One of the disadvantages of eugenol is that it
inhibits resin polymerization of resin cement and
decreases bond strength between the restorations and
the tooth structure.®® For this reason, most dentists
avoid using temporary cement with eugenol when
they plan to use resin cement to bond final resto-
rations; thus the sedative effect of eugenol cannot
be expected. The responses of dental pulp to dental
procedures or dental materials can be determined
by monitoring pulpal blood flow using a Laser Dop-

pler flow (LDF) meter.(*3) This is a non-invasive
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technique suitable for monitoring changes in blood
circulation in vivo. The purpose of this study was
to determine the effect of two types of temporary
cement on pulpal blood flow (PBF) one day and
seven days after full crown preparation and tempo-

rary cementation.

Materials and methods

Patient and tooth selection

The experiments were carried out on 20 second
premolars in 18 subjects (age: 18-30 years, mean
23.1). All subjects had lost the mandibular first molar
and needed a fixed prosthesis. All abutments were
healthy, intact and had complete root formation, or
if there was caries, the cavity depth was less than 0.5
mm into the dentine with absence of hypersensitivity.
The teeth had no periodontal disease and the crown
to root ratio of the abutments was at least 1:1.5. The
study was approved by the Human Experimenta-
tion Committee, Faculty of Dentistry, Chiang Mai
University (Certificate no. 39/2015), and complied
with the Declaration of Helsinki principles. The ex-
perimental procedures were clearly explained and
written informed consent was granted by all subjects.
The privacy rights of the subjects were respected at

all times.

Abutment preparation and temporary ce-
mentation

All the abutment teeth were prepared for full
coverage of three-unit bridges by the same op-
erator. The teeth and surrounding tissues were
anesthetized with 4% articaine with epinephrine
1:100,000 (Ubistesin™ Forte, 3M ESPE, Seefeld,
Germany) by an inferior alveolar nerve block, lin-
gual nerve block and buccal nerve block technique.
Five minutes after injection, the tooth structure was

reduced approximately 1.0-1.5 mm from the enamel
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surface under light pressure and water spray cool-
ant. The occlusal and buccal surfaces were reduced
by 1.5 mm, whereas the mesial, distal and lingual
surfaces were reduced by 1 mm. The cervical finish-
ing line of the preparation was a chamfer and was
located slightly above the gingival margin to prevent
creating gingival inflammation, which might have
interfered with the recording of blood flow from the
teeth. Before the final impression was taken, pulpal
blood flow was measured, as described in the next
paragraph. Then, the later procedures were performed
following a standard protocol. After the preparation
of the abutment teeth had been completed, a tem-
porary bridge made of auto-polymerizing acrylic
resin was fixed in place with two types of temporary
cement. The temporary bridges were cemented to
the abutment teeth with eugenol-containing tempo-
rary cement (Temp-Bond, Kerr Corporation, CA,
USA.) (Group I, n=10) or non-eugenol temporary
cement (Temp-Bond NE, Kerr Corporation) (Group
II, n=10). After one day the temporary bridges were
removed, the prepared teeth were cleaned with pum-
ice, and the blood flow was measured. The temporary
bridges were then re-cemented with the same type
of temporary cement. Seven days after tooth prepa-
ration, these procedures were repeated. Following
blood flow measurement, the permanent bridge was

fixed with resin cement (RelyX™ U200, 3M ESPE).

Pulpal Blood flow Recording

Pulpal blood flow was recorded with a Moor
Type MBF3D/42 blood flow monitor (Moor Instru-
ments, Axminster, UK). During recording, opaque
black rubber dam (Four D Rubber Co. Ltd., He-
anor, UK) was applied on the teeth in order to reduce
non-pulpal signal blood flow in tissues outside the
tooth.(®) The probe of the instrument (0.d. 1.5 mm)

contains two 0.2 mm-diameter optical fibers with
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their centers separated by 0.5 mm. The probe was
stabilized to the tooth with an opaque acrylic stent.
The stent was constructed from self-curing acrylic
resin on a plaster model of the tooth. It covered the
buccal, occlusal and lingual surfaces of the tooth and
extended from the mandibular canine to the mandib-
ular second molar. The holes to fit the probe were
drilled through the stent 2 mm from the gingival
margin so that the probe was perpendicular to the
tooth surface and kept in the same location through-
out the experiment (Fig 1). Pulpal blood flow was
recorded from the second premolar abutments three
times: after complete preparation of the abutments
(day 0), after one day (day 1) and after seven days
(day 7). The flux signal from the blood flow monitor
was digitized by a CED micro1401-3 data acqui-
sition unit, with the Spike II Program (Cambridge
Electronic Design Limited, Cambridge, UK) and
stored on a laptop computer for further analysis. The
sensitivity of the blood flow signal was standardized
and recordings were made with an upper bandwidth
setting of 14.9 kHz and a time constant of 0.1 second.
Blood flow was measured in arbitrary perfusion units
(PU).D

Laser Doppler
Flow meter

Acrylic stent

Dentine

Dental pulp
Laser probe

Rubber dam
Gingiva
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Buccal Lingual
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Figure 1 Diagram of the experimental set up for

pulpal blood flow recording.
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After each experiment, records were made at
different light intensities from a stationary reflector
(white card) by inserting the probe tip at the end of a
black and opaque plastic syringe. The white card was
attached to the piston of the syringe. The piston was
pulled slowly and stopped when the signal was stable
for at least five seconds. The recorded data were used
for calculating the offset of the blood flow signal
that would have been present while recording from
the teeth due to noise in the detection system.(® For
each set of blood flow values recorded from the same
tooth during the experiment, the mean and standard
deviation (S.D.) were determined and calculated as
described above with subtraction of the offset from

the mean value.

Statistical analysis

The mean pulpal blood flow values after com-
plete preparation from each group were normalized
to 100 to produce baseline values. The mean pulpal
blood flow values on day 1 and day 7 from each
group were adjusted compared to baseline values.
The differences between the values recorded after
complete preparation, day 1 and day 7 were com-
pared using two—way, repeated measures analysis of
variance (RM ANOVA). P values of less than 0.05
were considered significant. The statistical analyses
were carried out with Sigmaplot® software (version
12, Systat Software Inc., CA, USA).

Results

The pulpal blood flow signals were recorded
under three conditions from Groups I and II, as
shown in Figure 2. The mean pulpal blood flow
values after complete preparation, one and seven
days after cementation from Group I and Group II
were adjusted compared to baseline values from

complete preparation, as shown in Figure 3.The
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mean (£ S.D.) pulpal blood flow values are pre-
sented in Table 1. The adjusted values were used
to compare the statistical difference in pulpal blood
flow after preparation and one day and seven days
after cementation.

The mean pulpal blood flow after complete
preparation and one day and seven days after ce-
mentation in Group I were not significantly different
(»>0.05, two-way RM ANOVA) (Fig.3). In Group
I, the mean blood flow value seven days after ce-
mentation was significantly higher than that after
one day and after complete preparation (p = 0.042
and p < 0.001, respectively, two-way RM ANO-
VA). The mean value after one day was not differ-

ent from that after complete preparation. The mean
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Figure 2 Examples of records of pulpal blood flow
with a laser Doppler flow meter under
different conditions.
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Figure 3 Adjusted mean (£ S.D.) pulpal blood flow
values from each set of data compared to
baseline values from complete prepara-

tion.

pulpal blood flow seven days after cementation in
Group Il was significantly higher than that in Group I
(» < 0.001) but there was no significant difference

between Groups I and II one day after cementation.

Discussion

This experiment has shown that pulpal blood
flow in the abutments increased significantly after
one day and seven days when the temporary bridge
was fixed with non-eugenol temporary cement but
did not change when fixed with eugenol-containing
temporary cement.

The increased pulpal blood flow in the non-
eugenol temporary cement group in this study in-
dicated that there was a certain degree of pulpal
inflammatory response to the full crown preparation
procedure. Our study was consistent with other stud-
ies in that the tooth preparation procedure caused
postoperative irreversible pulpitis or pulp necrosis

around 5%-25%.0-1D Insufficient remaining dentine
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Table 1  Mean (£ S.D.) pulpal blood flow values from group I (eugenol) and Il (non-eugenol).
Group Mean (= S.D.) pulpal blood flow (P.U.)
complete prep 1 day 7 days
I (eugenol) 4.80+2.54 5.16 £ 1.52 451+£1.23
II (non-eugenol) 2.79+1.77 442 +£430 4.94 £2.35

thickness, excessive pressure during preparation
and inadequate water coolant were blamed to be the
causes.

Pulpal inflammation following full crown prepa-
ration has been shown in many studies.(!2-14) The
dental pulp becomes necrotic when cutting the tooth
without sufficient water coolant.(12) However, a mild
pulpal response is still demonstrated even when cut-
ting the tooth with adequate water spray.(!3) Exces-
sive pressure during the cutting process also has the
potential to cause pulpal injury, even more critical
than with inadequate water coolant.(!4 If pressure
applied from the hand-piece is greater than 8 oz, a
pulpal reaction can be observed.

The slight increase in pulpal blood flow on day
1 and the decrease on day 7 in the eugenol group,
although not significant suggests that the inflam-
mation was reduced by the eugenol in the tempo-
rary cement. Furthermore, eugenol is claimed to
have antimicrobial activity,(15-17) anti-inflammatory
properties,(17-19) and bactericidal and analgesic
effects.(15) The slow release of eugenol from the
temporary cement could reduce the inflammato-
ry process by inhibiting PGE, and interleukin 18
synthesis,(!7) nerve activity and white blood cell
chemotaxis.(!)

In our study, no toxic effect of eugenol was
found, although it directly contacted the cut dentine

surface for a week. Presumably, the remaining den-

tine thickness in this study was more than 1.0-1.5
mm, which was sufficient to prevent the cytotoxic
properties of eugenol.29 However, the histological
condition of the specimens was impossible to
analyze in a clinical study such as this.

Microleakage of the provisional bridges in our
study caused significant increases in pulpal blood
flow on day 7, as also found in the study of Lewin-
stein and colleagues.?!) The bacteria and their toxins
invade the dental pulp via the dentinal tubules from
microleakage at the crown margin.(22)

Although eugenol in the temporary cement has
anti-inflammatory properties, it has been accused
of interfering with resin polymerization and reduc-
ing surface hardness and bond strength of perma-
nent resin cement.(3-23) Such interferences in poly-
merization and reduction in surface hardness may
influence the treatment plan of the dentist for using
eugenol-containing temporary cement. However, the
presence of residual cement might be the cause of the
negative effects rather than the presence of eugenol.(24)
The dentine surface should be completely cleaned
prior to permanent cementation to improve bond
strength of the resin cement and the restorations.

Nevertheless, more research needs to be con-
ducted to provide solid evidence that either supports
eugenol temporary cement because of its anti-inflam-
matory effect or refutes it because of its interference

in the bonding of resin cement.
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Conclusions

Eugenol-containing temporary cement sta-
bilized the pulpal blood flow by reducing pulpal
inflammation caused by full crown preparation in
human subjects. On the other hand, there was an
increase in pulpal blood flow following crown prepa-

ration when using a non-eugenol temporary cement.
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