
ABSTRACT

Objectives: This study evaluated the effects of the
exposure time of eugenol-based provisional
restorative material and the time elapsed
between the provisional material removal and the
adhesive procedure on the bond strength of the
composite to dentin. Materials and Methods:
Human third molars were sectioned into two
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Clinical Relevance

The presence of a provisional restoration containing eugenol for one week or longer
does not interfere with the bond strength of self-etching adhesives to dentin. If a
eugenol-based provisional restoration remained in place for only 24 hours, a delay of
one week re-establishes proper bond strength.
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halves that were enclosed in resin cylinders. The
cavities were prepared over the buccal/lingual
faces with diamond burs. Zinc oxide and eugenol
(ZOE) provisional material was inserted into cav-
ities and left for 24 hours, 7 days or 14 days. The
cavities not restored with ZOE were used as con-
trols. After ZOE removal or over fresh dentin
(control), self-etching Adper SE Plus was applied
immediately, after a 7- or 14-day delay. The cavity
was restored with non-eugenol provisional mate-
rial during this delay period. Cylinders of resin
cement were built-up over the hybridized dentin.
A shear load was applied to the cylinders at a
crosshead speed of 0.5 mm/minute until failure.
The data were statistically analyzed using two-
way ANOVA and Tukey’s tests (αα=0.05). Results:
Using IRM as a provisional restoration for 24
hours followed by its removal and immediate
adhesive application resulted in the lowest values
of shear bond strength. There was no significant
difference between the other experimental condi-
tions. Conclusions: The use of IRM for 24 hours
adversely affected the shear bond strength of a
self-etching adhesive to dentin. The recovery of
the proper bond strength occurred one week
after IRM removal.

INTRODUCTION

The fundamental principle of bonding to dental hard tis-
sues is based on micromechanical interlocking of the
adhesive resin with dentin/enamel surfaces.1 In this
approach, proper bonding depends on adhesive penetra-
tion between the spaces created by acidic etching and an
adequate polymerization of the bonding resin.2-3 Over
the last decade, a number of investigations have report-
ed that several factors might interfere with the bonding
ability of adhesive systems to enamel or dentin, includ-
ing the adhesion strategy,4 conditioning time,5 solvent
removal method,6-7 thickness of the adhesive layer,8 sub-
strate structure9 and even the provisional restorative
material previously used.10-15

Among the provisional restorative materials, zinc
oxide eugenol (ZOE) is widely used as a temporary
material during endodontic treatments and restorative
dentistry due to its sedative effect on sensitive teeth, its low
cost, ease of removal and proper seal against leakage.16

However, eugenol (2-methoxi-4-allyphenol) is a radical
scavenger and may inhibit the polymerization of resin
materials,17 including the adhesive system that con-
tributes to a reduction in bond strength.11,13,18-20 The
hydroxyl group of the eugenol molecule tends to pro-
tonize the free radical formed during polymerization of the
adhesive, thereby blocking its reactivity, reducing the
degree of conversion and, consequently, bond strength.21,22

Contradictory findings exist regarding whether or
not the prior use of eugenol-containing temporary

restorations affect the bond strength of composites to
dentin. Several studies have found that eugenol-con-
taining cements did not reduce the bond strength to
dentin.10,12,15,23-24 However, other studies have reported
contradictory results.11,13,18-21 These differences in
results can be explained by differences between the
adhesive systems and methodologies used.
Furthermore, the exposure time to eugenol-containing
provisional material over dentin has varied from 24
hours to 10 days, depending on the study. This factor
may interfere with the action of eugenol and also con-
tributes to an explanation of the different findings
described in the literature. In addition to the exposure
time to eugenol-containing material, the delay period
between removal of the provisional material and the
adhesive application may also interfere with bond
strength.25

Thus, the current study evaluated the effects of expo-
sure time of different types of provisional restorative
materials (containing or not containing eugenol) and
the time elapsed between removal of the provisional
material and adhesive procedure on the bond strength
of the composite to dentin. The null hypotheses to be
tested were that neither the exposure time to eugenol-
containing material nor the post-removal delay inter-
feres with bond strength.

METHODS AND MATERIALS

Sixteen non-carious human third molars stored in
0.05% thymol saline solution for up to six months were
used. In order to obtain two halves, the teeth were sec-
tioned along the mesio-distal axis, parallel to the long
axis of the tooth, using a slow-speed diamond saw
(#7020, KG Sorensen, Barueri, SP, Brazil) under
water-cooling. Each half was embedded in acrylic resin
to facilitate handling, keeping the buccal/lingual sur-
faces exposed. The cavity preparation was performed
with a cylindrical diamond bur (#3097, KG Sorensen)
operated with a high-speed handpiece using copious
air-water spray. The bur was used parallel to the
bucco-lingual surface until a flat surface on the dentin
was obtained, with sufficient area to build-up two
resin composite cylinders (1 mm in diameter).

The specimens were randomly allocated in accor-
dance with exposure time to the provisional ZOE-
based restorative material and the time that elapsed
between their removal and the adhesive procedure.
Thirty specimens were used as controls; they did not
receive the ZOE-based restorative material. IRM
(Dentsply, Petrópolis, RJ, Brazil) was used as the ZOE-
based restorative material. This material was pre-
pared according to the manufacturer’s instructions,
inserted into the cavity and left for 24 hours, 7 days or
14 days. The material was then mechanically removed
with a scaler until the dentin surface was visually
(macroscopically) free of the material. The cavity was
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further cleaned with pumice-water slurry in a slow-
speed handpiece and rinsed with an air-water stream.
After removal of the ZOE provisional material, the cav-
ity immediately received the adhesive application, or a
non-eugenol provisional restorative material was
inserted during the delay period (7 or 14 days) before
the use of the adhesive. The same procedure was per-
formed with the specimens that did not receive the
eugenol-containing material. A zinc oxide and zinc sul-
phate-hydrated provisional restorative material
(Coltosol, Coltène AG, Alstätten, Switzerland) was
used for this purpose. The non-eugenol material was
removed in the same manner as the ZOE material. The
specimens were stored in 100% humidity at 35°C dur-
ing use of the provisional restorations. The experimen-
tal design is represented in Figure 1.

After removal of the provisional materials, the self-
etching adhesive Adper SE Plus (3M ESPE, St Paul,
MN, USA) was applied over the walls of the cavity. The
adhesive was applied over the freshly prepared cavity
for the control specimens that did not receive provi-
sional restoration. The adhesive was applied according
to the manufacturer’s instructions. One drop of liquid
A was applied on the surfaces of
the cavity walls. Liquid B was
then applied over liquid A and
agitated for 20 seconds. After
brief air-drying, liquid B was re-
applied and light-polymerized
for 10 seconds. Upon completion
of the adhesive procedures,
polyvinyl tubes with a cylinder-
shaped orifice (1 mm inner

diameter × 2 mm high) were individually placed
onto the dentin surface. The resin composite Filtek
Z-350 (3M ESPE) was inserted into the tube and
light-polymerized for 20 seconds. Light-polymeriza-
tion procedures were performed using the LED unit
Optilight LD Max (Gnatus, Ribeirão Preto, SP,
Brazil) with approximately 500 mW/cm2 of irradi-
ance. The tubes were then removed to expose the
resin cylinders. Two cylinders were made per speci-
men.

The embedded specimens were attached to the
testing device, and each resin composite cylinder
was tested using a mechanical testing machine
(EMIC DL 2000, São José dos Pinhais, PR, Brazil).
A thin steel wire (0.2 mm in diameter) was looped
around each cylinder and a shear load was applied
to the base of the cylinder at a crosshead speed of 0.5
mm/minute until failure. The microshear bond
strengths were calculated and expressed in MPa.
The average value of the two bonded cylinders for
each substrate in the same specimen was recorded
as the microshear bond strength for that specimen.
The data were subjected to two-way ANOVA and the

Tukey’s tests at a 95% confidence level. The factors
evaluated were “exposure time to ZOE material” and
“the time elapsed between ZOE removal and the adhe-
sive procedure.”

RESULTS

ANOVA showed a significant effect only for the factor
“exposure time to ZOE material” (p=0.02) and interac-
tion between the factors (p=0.003). The factor “time
elapsed between ZOE material removal and the adhe-
sive procedure” yielded p=0.06. Comparisons, accord-
ing to the Tukey’s test, are displayed in Table 1. There
was no difference between the use and lack of use of
ZOE, independent of time of use, when the adhesive
procedure was performed for 7 or 14 days after ZOE
removal. The use of ZOE interfered with bond strength
only when the adhesive procedure was performed
immediately. The only experimental condition that
yielded different values from the other was the expo-
sure to ZOE for 24 hours and the adhesive application
immediately after its removal. This experimental con-
dition showed the lowest shear bond strength.

Figure 1. Experimental design.

Moment of Adhesive Application

Use of ZOE-based Material Immediately After 7 days After 14 days

Without ZOE 24.3 (8.4) Aa 23.3 (4.5) Aa 26.8 (4.7) Aa

ZOE during 24 hours 13.9 (3.4) Bb 24.8 (6.9) Aa 24.4 (3.2) Aa

ZOE during 7 days 26.0 (3.8) Aa 25.2 (4.6) Aa 24.1 (6.8) Aa

ZOE during 14 days 24.1 (4.2) Aa 23.8 (6.6) Aa 24.5 (2.9) Aa

*Means followed by distinct letters in the same line and small letters in the same column are significantly different at p<0.05.

Table 1: Results of Bond Strength in MPa
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DISCUSSION

Several studies have evaluated the effects of provi-
sional restoration with eugenol-based materials on the
bond strength to dentin.10-13,15,18-21,23-24 However, these
studies reported conflicting results. Despite other
methodological differences, the exposure period to
ZOE has not been standardized during these studies,
which may have affected the results. The outcomes of
the current study show that both the period of ZOE
exposure and the post-removal delay time influenced
the bond strength of the evaluated self-etching adhe-
sive to dentin. The use of provisional restorations with
ZOE for 24 hours, followed by its removal and imme-
diate adhesive application, produced the lowest values
for bond strength. Thus, the null hypotheses for the
current study were rejected.

The primary aim of provisional restorations is to pro-
tect the dentin-pulp complex from physical-chemical
stimuli prior to definitive restoration.26 For this pur-
pose, studies have demonstrated adequate perform-
ance of provisional restoration with eugenol-based
materials. These materials offer easy handling, provide
proper sealing capacity, have a sedative effect on dental
sensibility and are easily removed.16,24,27 However, it has
been demonstrated that the eugenol contained in these
materials can interfere with the polymerization of
adhesive resin and compromise the sealing and reten-
tion of adhesive restorations.28

The mixture between eugenol and zinc oxide gener-
ates a chelation reaction that results in a set mass of
unreacted zinc oxide particles in a matrix of zinc
eugenolate.29 If the reaction was complete, it would be
expected that the non-eugenol would be available to dif-
fuse into dentin. However, this reaction is reversible,
and hydrolysis of the eugenolate in the presence of
moisture may again liberate the eugenol.30 It has been
demonstrated that the concentration of eugenol
decreases as it moves towards the pulp chamber.31

Eugenol can demineralize the dentin, releasing calci-
um, and this reaction reduces its diffusion rate.15 This
means that the polymerization inhibition effect of
eugenol is probably higher near the surface. Thus, dif-
ferences in the adhesive approach may interfere with
eugenol’s effect on bond strength.

Etch-and-rinse adhesive systems use 30%-40% phos-
phoric acid and demineralize the dentin to a depth of
around 3-5 µm1. This mineral removal also seems to
remove residual eugenol. On the other hand, self-etch-
ing adhesives result in the shortest depths of deminer-
alization.1 Thus, the effect of eugenol is more pro-
nounced for self-etching adhesive, such as that used in
the current study.11 This reduction in the bond strength
of adhesive to dentin by ZOE was observed in the pres-
ent study. However, this negative effect was not
observed when the provisional restoration with the
ZOE material was used for one or two weeks. The same

negative effect was observed when non-eugenol materi-
al was used for similar periods after ZOE removal and
prior to the adhesive procedure.

The remnants of provisional materials have also been
associated with the reduction of bond strength of adhe-
sive to dental substrate. In the current study, provi-
sional material removal was performed with a scaler,
followed by cleaning with pumice-water slurry using a
slow-speed handpiece. Both approaches have been
proven effective in removing the remaining provisional
material and permitting bond strength similar to that
achieved without the use of provisional restorations.24

Thus, it is expected that the combination of the two
approaches does not permit the provisional material to
interfere with bond strength. This can be confirmed by
the results obtained when ZOE was used for longer
periods. Furthermore, using two provisional restora-
tions (ZOE followed by non-eugenol material) also does
not affect bond strength.

The outcomes of the adverse effects of ZOE on bond
strength are probably related to the inhibitory action of
eugenol on the polymerization of the adhesive resin.
Several studies using ZOE provisional restoration for
seven days also found no adverse effect of eugenol on
the bond strength of adhesive to dentin.10,12,15,23-24 In oppo-
sition to this, Carvalho and others11 found lower bond
strength of a self-etching adhesive to dentin when ZOE
had been previously placed over the substrate for 24
hours. However, all cited studies evaluated the effects
of ZOE provisional restorations used for 24 hours or 7
days. Thus, the time-dependent reduction of the effect
of eugenol was not evaluated in these studies.

It has been reported that eugenol diffusion from ZOE
provisional restorations appears to depend more on the
role of the hydrolysis of eugenol from the material than
on dentin permeability.32 The diffusion rate of eugenol
released from ZOE restorations increased to a peak of
about 0.3 ηmol per minute for the first 24 hours.25

Following this period, the diffusion rate decreased
slowly. Previous studies have proven that the inhibito-
ry effects of eugenol on the polymerization of resin
material is concentration-dependent.28 Based on the
results of the current study, it is expected that the
eugenol concentration in dentin after one week will not
significantly affect bond strength. Furthermore, a delay
period of one week after ZOE removal is sufficient to
decrease the eugenol concentration to non-inhibitory
levels.

The outcomes of the current study showed that expo-
sure to ZOE for one week did not reduce the shear bond
strength of a self-etching adhesive to dentin. Even
when the ZOE restoration remained in place for only 24
hours, a post-removal delay period of one week re-
established the bond strength. Since the same time was
necessary for both the exposure to ZOE and the delay
after its removal, it seems more logical to use ZOE pro-
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visional restorations for a week or longer. Clinically,
seven days is a reasonable period for provisional
restorations in most situations. However, further stud-
ies are necessary to evaluate other periods of exposure
between 24 hours and one week. This will allow the
shortest period of a ZOE provisional restoration to be
determined in order to permit proper adhesive proce-
dures.

CONCLUSIONS

The previous use of provisional restorations containing
eugenol for one or two weeks did not interfere with
bond strength. In contrast, the exposure to eugenol-
based material for only 24 hours reduced the bond
strength of a self-etching adhesive to dentin. However,
a delay period of one week after ZOE removal was suf-
ficient to re-establish bond strength.

Acknowledgements

The authors are indebted to the teeth bank of the State
University of Montes Claros for providing the molars used in
this study.

(Accepted 15 June 2010)

References
1. Van Meerbeek B, De Munck J, Yoshida Y, Inoue S, Vargas M,

Vijay P, Van Landuyt K, Lambrechts P & Vanherle G (2003)
Buonocore Memorial Lecture. Adhesion to enamel and
dentin: Current status and future challenges Operative
Dentistry 28(3) 215-235.

2. Buonocore MG (1955) A simple method of increasing the
adhesion of acrylic filling materials to enamel surfaces
Journal of Dental Research 34(6) 849-853.

3. Nakabayashi N, Kojima K & Masuhara E (1982) The promo-
tion of adhesion by the infiltration of monomers into tooth
substrates Journal of Biomedical Materials Research Part B:
Applied Biomaterials 16(3) 265-273.

4. Sauro S, Toledano M, Aguilera FS, Mannocci F, Pashley DH,
Tay FR, Watson TF & Osorio R (2010) Resin-dentin bonds to
EDTA-treated vs acid-etched dentin using ethanol wet-bond-
ing Dental Materials 26(4) 368-379.

5. Kimmes NS, Barkmeier WW, Erickson RL & Latta MA (2010)
Adhesive bond strengths to enamel and dentin using recom-
mended and extended treatment times Operative Dentistry
35(1) 112-119.

6. Loguercio AD, Loeblein F, Cherobin T, Ogliari F, Piva E &
Reis A (2009) Effect of solvent removal on adhesive properties
of simplified etch-and-rinse systems and on bond strengths to
dry and wet dentin Journal of Adhesive Dentistry 11(3) 213-
219.

7. Reis A, Klein-Júnior CA, de Souza FH, Stanislawczuk R &
Loguercio AD (2010) The use of warm air stream for solvent
evaporation: Effects on the durability of resin-dentin bonds
Operative Dentistry 35(1) 29-36.

8. de Silva AL, Lima DA, de Souza GM, dos Santos CT &
Paulillo LA (2006) Influence of additional adhesive applica-
tion on the microtensile bond strength of adhesive systems
Operative Dentistry 31(5) 562-568.

9. Cavalcanti AN, Mitsui FH, Lima AF, Mathias P & Marchi
GM (2010) Evaluation of dentin hardness and bond strength
at different walls of Class II preparations Journal of Adhesive
Dentistry 12(3) 183-188.

10. Abo-Hamar SE, Federlin M, Hiller KA, Friedl KH & Schmalz
G (2005) Effect of temporary cements on the bond strength of
ceramic luted to dentin Dental Materials 21(9) 794-803.

11. Carvalho CN, de Oliveira Bauer JR, Loguercio AD & Reis A
(2007) Effect of ZOE temporary restoration on resin-dentin
bond strength using different adhesive strategies Journal of
Esthetic and Restorative Dentistry 19(3) 144-152.

12. Erkut S, Kucukesmen HC, Eminkahyagil N, Imirzalioglu P
& Karabulut E (2007) Influence of previous provisional
cementation on the bond strength between two definitive
resin-based luting and dentin bonding agents and human
dentin Operative Dentistry 32(1) 84-93.

13. Paul SJ & Scharer P (1997) Effect of provisional cements on
the bond strength of various adhesive bonding systems on
dentine Journal of Oral Rehabilitation 24(1) 8-14.

14. Peutzfeldt A & Asmussen E (1999) Influence of eugenol-con-
taining temporary cement on efficacy of dentin-bonding sys-
tems European Journal of Oral Sciences 107(1) 65-69.

15. Peutzfeldt A & Asmussen E (2006) Influence of eugenol-con-
taining temporary cement on bonding of self-etching adhe-
sives to dentin Journal of Adhesive Dentistry 8(1) 31-34.

16. He LH, Purton DG & Swain MV (2010) A suitable base mate-
rial for composite resin restorations: Zinc oxide eugenol
Journal of Dentistry 38(4) 290-295.

17. Taira J, Ikemoto T, Yoneya T, Hagi A, Murakami A & Makino
K (1992) Essential oil phenyl propanoids. Useful as OH scav-
engers? Free Radical Research Communications 16(3) 197-
204.

18. al-Wazzan KA, al-Harbi AA & Hammad IA (1997) The effect
of eugenol-containing temporary cement on the bond
strength of two resin composite core materials to dentin
Journal of Prosthodontics 6(1) 37-42.

19. Salama FS (2005) Influence of zinc-oxide eugenol, formocre-
sol, and ferric sulfate on bond strength of dentin adhesives to
primary teeth The Journal of Contemporary Dental Practice
6(3) 14-21.

20. Yap AU, Shah KC, Loh ET, Sim SS & Tan CC (2001)
Influence of eugenol-containing temporary restorations on
bond strength of composite to dentin Operative Dentistry
26(6) 556-561.

21. Bayindir F, Akyil MS & Bayindir YZ (2003) Effect of eugenol
and non-eugenol containing temporary cement on permanent
cement retention and microhardness of cured composite resin
Dental Materials Journal 22(4) 592-599.

22. Fujisawa S & Kadoma Y (1997) Action of eugenol as a
retarder against polymerization of methyl methacrylate by
benzoyl peroxide Biomaterials 18(9) 701-703.

23. Rosales-Leal JI, Osorio R, Toledano M, Cabrerizo-Vílchez MA
& Millstein PL (2003) Influence of eugenol contamination on
the wetting of ground and etched dentin Operative Dentistry
28(6) 695-699.

24. Fonseca RB, Martins LR, Quagliatto OS & Soares CJ (2005)
Influence of provisional cements on ultimate bond strength of
indirect composite restorations to dentin Journal of Adhesive
Dentistry 7(3) 225-230.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-30 via free access



71Silva & Others: Effects of Eugenol on Shear Bond Strength

25. Hume WR (1988) Methods of assessment in vitro of restora-
tive material cytotoxicity using an intact human dentine dif-
fusion step International Endodontic Journal 21(2) 85-88.

26. Suzuki S, Cox CF & White KC (1994) Pulpal response after
complete crown preparation, dentinal sealing, and provision-
al restoration Quintessence International 25(7) 477-485.

27. Chaiyabutr Y & Kois JC (2008) The effects of tooth prepara-
tion cleansing protocols on the bond strength of self-adhesive
resin luting cement to contaminated dentin Operative
Dentistry 33(5) 556-563.

28. Fujisawa S & Kadoma Y (1997) Action of eugenol as a
retarder against polymerization of methyl methacrylate by
benzoyl peroxide Biomaterials 18(9) 701-703.

29. Markowitz K, Moynihan M, Liu M & Kim S (1992) Biologic
properties of eugenol and zinc oxide-eugenol. A clinically ori-
ented review Oral Surgery, Oral Medicine, and Oral
Pathology 73(6) 729-737.

30. Ganss C & Jung M (1998) Effect of eugenol-containing tem-
porary cements on bond strength of composite to dentin
Operative Dentistry 23(2) 55-62.

31. Hume WR (1984) An analysis of the release and the diffusion
through dentin of eugenol from zinc oxide-eugenol mixtures
Journal of Dental Research 63(6) 881-884.

32. Abou Hashieh I, Camps J, Dejou J & Franquin JC (1998)
Eugenol diffusion through dentin related to dentin hydraulic
conductance Dental Materials 14(4) 229-236.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-30 via free access




