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bstract
oupling of fiber posts to composites is hampered by
bsence of chemical union between epoxy resins and
ethacrylate-based resins. This study examined a clin-

cally feasible protocol for creating micromechanical
etention on the surface of fiber posts, using hydrogen
eroxide etching to remove the surface layer of epoxy
esin. This was followed by silanization of the exposed
uartz fibers to enhance their chemical bonding to
omposites. Etching with 24% H2O2 for 10 min or 10%
2O2 for 20 min produced a 50 �m thick surface zone

hat is depleted of epoxy resin, leaving intact, undam-
ged quartz fibers for silanization. Low viscosity flow-
ble composites were employed to infiltrate this zone,
o simulate the creation of hybrid layers in acid-etched
entin by dentin adhesives. Interfacial strengths were
nhanced with the adjunctive use of H2O2 etching and
ilanization, and were probably dependent on the abil-
ty of the flowable composites to completely infiltrate
his interdiffusion zone. (J Endod 2006;32:44–47)

ey Words
iber post, flowable composite, hydrogen peroxide
tching, interfacial strength, silane

From the *Department of Restorative Dentistry and Dental
aterials, University of Siena, Siena, Italy; †Department of
ental Materials, University of Granada, Granada, Spain; ‡Pe-
iatric Dentistry and Orthodontics, Faculty of Dentistry, The
niversity of Hong Kong, Pokfulam, Hong Kong SAR, China;
nd §Department of Dental Materials, University of São Paulo,
ão Paulo, Brazil.

Address requests for reprint to Monticelli Francesca, Uni-
ersity of Siena, Department of Restorative Dentistry and
ental Materials, Policlinico Le Scotte, Viale Bracci, 53100
iena, Italy. E-mail address: monticelli@unisi.it.
099-2399/$0 - see front matter

Copyright © 2006 by the American Association of
ndodontists.
oi:10.1016/j.joen.2005.10.005
a

4 Monticelli et al.
tching procedures for natural and artificial substrates have been developed to en-
hance adhesion (1– 4). They include acid treatments of enamel (1), dentin (2, 3)

r nonnoble alloys (4) that partially dissolve the substrates and generate micro-poros-
ties where resin can penetrate, creating micromechanical interlocking (3).

Fiber posts are extensively used in clinical practice to restore endodontically
reated teeth (5–12). The clinical longevity of endodontically treated teeth restored with
iber posts and resin composite cores was recently evaluated (6, 13). Satisfactory
daptation at the post/core interface could be achieved using flowable composites as
ore materials (13, 14).

The effect of post silanization on the interfacial strength between fiber posts and
ore build-up composites was recently evaluated with the microtensile test (15). Silane
oupling agents can achieve chemical bonds with OH-covered inorganic substrates
uch as glass. A chemical bond may be achieved between the core resin matrix and the
xposed glass fibers of the post at the interface level (15, 16). However, the interfacial
trength is still relatively low when compared to the values normally achieved with
oronal dentin or enamel (17, 18), because of the absence of chemical union between
he methacrylate-based resin composites and the epoxy resin matrix of fiber posts.

Hydrogen peroxide (H2O2) is commonly employed in immunological electron
icroscopy to partially dissolve the resin surface of epoxy resin-embedded tissue sec-

ions, and expose tissue epitopes for immunolabeling enhancement. The etching effect
f H2O2 depends on its capacity to partially dissolve the resin matrix, breaking epoxy
esin bonds through a mechanism of substrate oxidation (19 –22). A similar H2O2
tching procedure may be employed to improve the micromechanical retention be-
ween the epoxy resin matrix of fiber posts and methacrylate-based resin composites.

The aims of this study were to evaluate the effect of H2O2 on the morphological
spects of the post surface, and the influence of different surface treatment on the
nterfacial strengths between fiber posts and composites. The null hypothesis tested was
hat different types of post surface treatment and the type of flowable core build-up
omposites do not affect the interfacial strength between fiber posts and resin com-
osites.

Materials and Methods
xperimental Design

Sixty DT Light-Posts (RTD, St. Egève, France), each with a 2.1 mm maximum
iameter, were used in this study. These posts are made of quartz fibers (60 vol%)
reviously processed to a unidirectional axial tensile stress and embedded in an epoxy
esin matrix (40 vol%). They were divided into five groups (n � 12) according to the
xperimental surface pretreatments performed.

In group 1 the posts were immersed in 24% H2O2 for 10 min at room temperature
RT). In group 2 they were immersed in 10% H2O2 for 20 min at RT. In group 3, after
mmersion in 24% H2O2 for 10 min at RT, the posts were silanized for 60 sec. In group
, after immersion in 10% H2O2 for 20 min at RT, the posts were silanized for 60 sec.
n group 5 (control) the posts were silanized for 60 sec.

After the application of H2O2, the posts were rinsed with water and air-dried. A
ilane coupling agent (Monobond-S, Ivoclar-Vivadent, Schaan, Liechtenstein) was ap-
lied in a single layer on the post surfaces of groups 3 through 5 and gently air-dried

fter 60 sec, according to manufacturer’s instructions. Monobond-S is a single-com-
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onent silanizing agent that contains 1 wt% of 3-methacryl-oxypropylt-
imethoxysilane in an ethanol/water-based solvent.

canning Electron Microscopy (SEM)
After H2O2 treatment, two posts from groups 1 and 2 were exam-

ned with an SEM to study their surface conditions. One post from each
roup was observed longitudinally, while the other was cross-sectioned
sing a water-cooled diamond blade (Isomet, Buehler, Lake Bluff, IL).
he prepared specimens were ultrasonicated for 5 min in deionized
ater, immersed in 96% ethanol and gently air-dried. Each post was

putter-coated with gold-palladium alloy (Polaron Range SC7620, Quo-
um Technology, Newhaven, England) and examined with an SEM (JSM
060 LV, JEOL, Tokyo, Japan).

ore Build-up and Microtensile Testing
Core build-up was performed for the remaining ten posts in each

roup using either one of the two flowable composites ÆliteFlo (A)
Bisco Inc., Schaumburg, IL) and UniFil Flow (B) (GC Corporation,
okyo, Japan) using an in vitro technique that was described in detail by
oracci et al. (15). Each post was positioned perpendicularly on a glass
lab and secured with a needle holder at the apical end. A plastic matrix
f 10 mm in diameter was placed around the cylindrical portion of the
ost (i.e., the part with uniform diameter) and adjusted so that the post
ould be exactly in the middle. An incremental technique was used for

he core build-up with each composite increment cured for 20 sec using
halogen curing light with an output of 600 mW/cm2 (VIP, Bisco Inc.).
n additional 20 sec polymerization was subsequently performed from
he bottom side of the cylinder previously in contact with the glass slab.

Two longitudinal cuts were made on the two opposite sides of the
ost/composite assembly with the Isomet saw under water cooling ex-
osing the post surface throughout its length. A slab of uniform thick-
ess, with the post in the center and the core build-up on each side was
reated. Beams of 1-mm in thickness were serially sectioned from each
lab. Every slab yielded 4 to 5 beams for microtensile testing that was
erformed with a universal testing machine at a cross-head speed of 0.5
m/min until failure. Interfacial strength was calculated using the
athematical formula previously described by Bouillaguet et al. (23).

The normally distributed data were analyzed with a two-way
NOVA design, to assess the effect of surface treatment and core
uild-up material on the interfacial strengths of the fiber posts. Post hoc
omparisons were performed using the Tukey test. Statistical signifi-
ance was set at � � 0.05. The sample size in each group was checked
o ensure a minimum power of 0.8 in the statistical analysis.

Results
EM Evaluation

Pretreatment with 24% H2O2–10 min or 10% H2O2–20 min were
omparable in their efficacy in modifying the fiber post surfaces. Both
roups created rough surfaces along the entire post lengths (Fig. 1A).
he exposed quartz fibers were not damaged or fractured by the oxida-
ive action of H2O2 (Fig. 1B). Cross-sectional views of both groups
evealed surface dissolution of the epoxy resin matrix to a depth of 50
m (Fig. 2A), exposing approximately five layers of quartz fibers (ca.

0 �m in diameter) for micromechanical retention (Fig. 2B). The
nderlying epoxy resin remained intact and exhibited no signs of crack-
ng or damage.

nterfacial Strength
The results of microtensile bond testing are shown in Table 1. The

ype of surface pretreatment had a significant influence on interfacial

trength (p � 0.0001). The results achieved with 24% H2O2–10 min s

OE — Volume 32, Number 1, January 2006
nd 10% H2O2–20 min were comparable and significantly better than
o treatment. Silane application in combination with H2O2 pretreatment
roduced the best overall results (p � 0.0001). The type of core ma-

erial also had a significant influence (p � 0.014), as did the interaction
f this factor with the type of pretreatment (p � 0.01). Post treatment
ith either 24% or 10% H2O2 enhanced the bond strength, particularly

or UniFil Flow.

Discussion
The use of H2O2 pretreatment and silane application significantly

nhances interfacial strength between fiber posts and core materials.
nterfacial strength was also influenced by the choice of flowable com-
osites for core build-up. Thus, the null hypothesis tested in this study is
ejected.

Unlike the use of more corrosive forms of industrial epoxy resin
tching techniques such as sodium ethoxide or permanganate etching
24, 25), H2O2 etching provides an easy, effective and clinically feasible
ethod for enhancement of interfacial strengths between fiber posts

nd resin composites, without the need of employing extremely corro-

igure 1. Representative SEM micrographs of a post surface after etching with
0% hydrogen peroxide for 20 min. (A) At a low magnification, exposure of the
uartz fibers could be seen, as a result of the dissolution of the surface epoxy
esin. (B) A high magnification view of the exposed quartz fibers, showing that
hey were not damaged by the etching treatment. Similar results were achieved
hen etching was performed with 24% hydrogen peroxide for 10 min (not

hown).
ive liquids in a clinical setting. By removing a surface layer of epoxy

Improving Retention of Fiber Posts to Resin Composites 45
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esin, a larger surface area of exposed quartz fibers is available for
ilanization. The spaces between these fibers provide additional sites for
icromechanical retention of the flowable resin composites. This re-

ention concept is reminiscent of the creation of hybrid layers in dentin
nd cementum (26), as the interface is contributed by both the quartz
ibers from the fiber post and the methacrylate resin matrix.

A more aggressive etching procedure has recently been recom-
ended that involves etching fiber posts with hydrofluoric acid (27).

igure 2. SEM images of the cross sections of fiber posts after treatment with
4% hydrogen peroxide for 10 min (A) and 10% hydrogen peroxide for 20 min
B). Dissolution of the epoxy resin from the post surfaces exposed the quartz
ibers to a depth of 50 �m for silanization as well as created additional spaces
or micromechanical retention of the flowable composites.

ABLE 1. Interfacial strengths of the experimental groups after different types o

Core Material
24% H2O2–10

Æliteflo (A) No silane Group 1A (n �
8.3 (4.2)de

Silane Group 3A (n �
11.7 (3.9)b

UniFil Flow (B) No silane Group 1B (n �
9.1 (3.2)cd

Silane Group 5B (n �
15.3 (3.2)
Values are mean (SD) in MPa. Groups connected with the same letter superscripts are not statistically signi

6 Monticelli et al.
owever, this technique considerably affected the integrity of the fiber
osts. Microscopic analysis revealed uneven removal of the epoxy resin
atrix and extensive damage to the quartz fibers as they were simulta-

eously attacked by the hydrofluoric acid. On the contrary, H2O2 etching
s a considerably milder technique with the exposed quartz fibers re-

aining smooth and leaving the underlying epoxy resin matrix intact
fter the etching procedures.

The use of silane coupling agents improves surface wettability and
reates a chemical union between the glass fibers and resin-based ma-
erials (28). In case of epoxy matrix glass-reinforced composites, ami-
o-silanes are typically applied, since epoxy resin and glass can adhere

hrough an amino-coupling reaction (29). The improved interfacial
trength achieved following silanization may depend on the reaction
etween the silane molecules and the silica component in the quartz

ibers (30, 31). In this study a prehydrolyzed silane coupling agent
ontaining 3-methacryl-oxypropyltrimethoxysilane was used. The
ethacryloxyl group in this silane coupling agent probably enables a

hemical union to be achieved between the silane-treated quartz fibers
nd the methacrylate-based resin composite matrix, thereby improving
nterfacial strength.

Although the mechanical properties of flowable composites are
enerally inferior to those of hybrid composites or core materials (32,
3), they were selected for this study by virtue of their previously re-
orted adaptation to post surfaces (13–15). It could be seen from the

nterfacial strength results that the two flowable composites investigated
id not differ significantly from one another in the absence of any sur-

aces pretreatment. Conversely, significant differences were observed
etween the two materials when post surfaces were pretreated with
2O2 etching and silane. The statistically significant interaction with the

wo factors “pretreatment” and “composite” suggests that these differ-
nces may depend on the variation in viscosity between the two flowable
omposites. It is possible that the lower viscosity of UniFil Flow enables
better penetration of this material within the 50 �m thick zone of

enuded quartz fibers. Incomplete penetration of this zone may create
scenario that approximates the incompletely infiltrated hybrid layers

hat were observed when some dentin adhesives were applied to acid-
tched dentin (34). Unlike denuded collagen fibrils within incompletely
nfiltrated dentin hybrid layers, quartz fibers cannot degrade via hydro-
ysis by endogenous metalloproteinases (35). Nevertheless, a weak
one may be created that could have accounted for the lower interfacial
trength observed when the more viscous ÆliteFlo was applied to the
urface-treated fiber posts. In the future, it would be necessary to ex-
mine whether the use of low viscosity hydrophobic resins such as those
mployed as pit-and-fissure sealants will further improve the novel con-
ept of fiber post surface hybridization introduced in this study. The
xtent of resin impregnation within the zone of hybridized fiber post
hould also be examined with tracer penetration techniques. The use of
ydrophobic resins in thin layers instead of dentin adhesives can pre-

post-surface treatment

Type of Treatment*

10% H2O2–20 min No Treatment

Group 2A (n � 24)
6.1 (4.8)ef

Group 4A (n � 26) Group 5A (n � 27)
13.0 (4.6)ab 6.7 (3.0)def

Group 2B (n � 25)
9.5 (4.0)cd

Group 4B (n � 25) Group 5B (n � 24)
13.8 (3.3)ab 5.3 (1.7)f
f fiber

min

24)
f

25)
c

26)
e

24)
a

ficant (p � 0.05).
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ent unnecessary water sorption and may alleviate the use of mechani-
ally less favorable flowable composites as core build-up materials.
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