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Abstract. – OBJECTIVE: This study aimed to
assess the effects of plasma grafting modification
on the micro-push-out adhesive strength and mechanical properties of fiber posts and to assess
the stability of these treatment effects.
MATERIALS AND METHODS: Glass-fiber posts
were divided into four groups based on the treatment methods used, as follows: (1) Group NT: no
treatment; (2) Group PT: Helium (He) plasma treatment; (3) Group PIG: He-plasma-induced post-irradiation grafting; and (4) Group SIG: He-plasma-induced syn-irradiation grafting. The treated fiber
posts were bonded using self-adhesive resin cement exposure to air for 0, 1, 6 or 12 hours separately after surface treatment. Micro-push-out adhesive
strength, flexural modulus, and flexural strength
were measured.
RESULTS: Plasma treatment, post-irradiation
grafting, and syn-irradiation grafting improved
adhesive strength at the 0-hours level. However, the improved adhesive strength disappeared
in group PT after exposure for one or more
hours. In group PIG, the adhesive strength after 1-hour exposure was 20.5% lower than that
of 0-hour exposure (adhesive immediately after
treatment), and no statistically significant differences in adhesive strength were observed between the 1, 6, and 12-hour exposure. In group
SIG, no statistically significant differences in
adhesive strength were observed among the 0,
1, and 6-hour exposure. Although the adhesive
strength was 23% lower at the 12-hour exposure
than that of 0-hour exposure in group SIG, the
adhesive strength of fiber posts received syn-irradiation grafting still presented the best adhesive strength compared with the other treatment
methods. The three-point flexural modulus and
strength remained unaffected by the treatment
methods used.
CONCLUSIONS: Plasma-induced syn-irradiation grafting provided the ideal improvement
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and stability in adhesive strength in fiber posts.
In addition, plasma-induced grafting modification successfully overcame the surface aging
effect caused by plasma treatment alone without affecting the bulk mechanical properties of
fiber posts.
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Introduction
Prefabricated fiber-reinforced composite (FRC)
posts have been widely used for the restoration of
endodontically treated teeth1. The significant reduction in the incidence of root fractures can be
attributed to the similarities in the elastic moduli
of fiber posts and teeth2. Although the adhesive
strength and stability of FRC-post restorations
are key to their success over time3, achievement
of adequate and reliable chemical adhesion between the epoxy resin matrix of the FRC post
and the methacrylate component of dental resin
cement is often challenging4. Furthermore, the
smooth surfaces of the fiber posts often prevent
micro-mechanical interlocking with the resin cement5, highlighting the need to enhance the adhesive strength between the two materials6,7.
Previous studies have explored various methods of surface treatment for the enhancement of
adhesive strength between FRC posts and dental
resin cements3-6, and these can be classified into
three categories as follows: (1) methods used to
improve the interfacial micro-mechanical interlocking between the post and resin cement; (2)
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methods used to enhance the chemical adhesion between the two; and (3) methods involving
a combination of both approaches7. Evidence8,9
suggests that low-temperature plasma treatments
promote the adhesion properties of polymers.
Plasma is a type of gas that has been ionized
partially or wholly with an approximately equal
number of positively and negatively charged particles that bombard the target surface and transfer
energy to it, generating functional groups and
activating the surface10,11. Some studies suggest
that low-temperature plasma processing of epoxy-based fiber posts improves its adhesion with
acrylate-based composite resins12-14. However,
other studies noted that plasma treatment also
presents surface aging, suggesting the improvement in the chemical and physical characteristics
of the post surfaces after treatment declined gradually over time15.
In industrial fields, plasma-induced grafting
is an effective way of modifying the characteristics of non-reactive polymer surfaces and
overcoming the surface aging effects of plasma treatment alone16-22. Plasma-induced grafting
modifications can produce active sites for grafting monomers, form a relatively stable functional layer on the surface of the substrate19,20,
and also graft monomers on the outermost layer
without changing any of its properties21,22. However, this technique is seldom used in the dental
polymer field. A previous study23 reported that
the flexural strength of polymethylmethacrylate (PMMA)-based denture base polymers was
increased by grafting 2-hydroxethylmethacrylate (HEMA), triethyleneglycol dimethacrylate
(TEGDMA), and ethylenediamine (EDA) onto
the surfaces of glass fibers. Chen et al24 used a
non-thermal plasma method to graft HEMA onto dental collagen and form a chemical adhesion
between the two. This study also explored the
effects of grafting modification on dental interfacial adhesion. Grafting modification of the
surfaces of materials can be achieved through
post-irradiation and syn-irradiation grafting22.
Post-irradiation grafting method involves activation of the material surface using plasma
followed by absorption of a chosen monomer.
Syn-irradiation grafting is based on ‘crosslinking by activated types of inert gas’ (CASING),
whereby surface activation and crosslinked polymerization are achieved simultaneously19,20.
The current study evaluated the effect of plasma-induced post-irradiation grafting and plasma-induced syn-irradiation grafting modifica-

tion on the micro-push-out adhesive strength of
fiber posts and determined whether the surface
layer exhibited any aging effects. In addition,
the effect of plasma-induced grafting modification on the mechanical properties of fiber posts
was also evaluated. To date, very few studies have explored this subject. Clarifying these
questions will provide insight into the stability
of modification of fiber posts with the grafting technique and provide practical information
concerning a versatile strategy to modify fiber
posts functionally. To date, few articles have
been published on this subject.
Therefore, this study used a grafting modification
system containing bisphenol A-glycidylmethacrylate/triethyleneglycol dimethacrylate (Bis-GMA/
TEGDMA) and helium (He) plasma produced by
a luminous-discharge plasma generator. The objectives of the current study were as follows: (1) to
investigate whether syn-irradiation and post-irradiation grafting techniques improve the micro-pushout adhesive strength between epoxy-based fiber
posts and acrylate-based resin cement; and (2) to
assess the impact of plasma treatment and plasma
grafting modification on the bulk mechanical properties of fiber posts. The following null hypotheses were tested: (1) plasma-induced post-irradiation
and syn-irradiation grafting do not impact on the
adhesive strength between resin cement and fiber
posts; (2) two types of grafting polymerization do
not overcome the surface aging effects caused by
applying plasma treatment alone; and (3) two types
of plasma grafting modification do not influence the
three-point flexural modulus and flexural strength
of fiber posts.

Materials and Methods
Surface Treatment of the Posts
Modified parallel glass-fiber posts (64, Matchpost; RTD, St-Égrève, Auvergne-Rhône-Alpes,
France) containing 38% epoxy resin and 62%
glass fiber (v/v). The diameter and length of these
posts were 1.6 and 20 mm, respectively. The posts
were divided equally into four groups based on
the surface treatment method used, with each
group being further divided into four subgroups
(1, 2, 3, and 4) based on the duration of exposure
to air (0, 1, 6, and 12 hours, respectively) before
adhesion. Before surface management, all posts
were ultrasonically cleaned in absolute ethanol,
followed by double-distilled water for 6 minutes,
and then blow-dried.
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Group NT: Control group. No surface treatment.
Group PT: He plasma treatment group. The apical of each fiber post was fixed on the sample
holder and then placed in the center of a luminous-discharge plasma generator capable of
producing He plasma. The posts were treated
with He plasma for 5 minutes in a vacuum at
13.56 MHz, 30 mA, the inter-plate voltage of 4
kV, and He plasma flow rate of 1 L/min.
Group PIG: He-plasma-induced post-irradiation
grafting treatment group. The posts were treated with He plasma in a vacuum for 5 minutes
(same operating conditions as the PT group),
immersed in 10% (v/v) Bis-GMA/TEGDMA
for 1 hour, and the surface liquid was then removed using filter paper.
Group SIG: He-plasma-induced syn-irradiation
grafting treatment group. The posts were incubated in 10% (v/v) Bis-GMA for 1 hour and
then treated with He plasma in vacuum for 5
minutes (same operating conditions as the PT
group).
Luting Procedure
After surface treatment, each fiber post was
bonded with self-adhesive resin cement using
a special self-made apparatus at atmospheric
pressure and room temperature. First, the resin
cement (EmbraceCore resin cement, PulpDent,
Watertown, MA, LIE) was injected and cured
in 2-mm-thick increments in polytetrafluoroethylene molds, such that the final resin columns
were 6 mm in diameter and 10 mm in height.
Next, these columns were embedded in self-curing denture base resin in a stainless-steel mold
(diameter: 20 mm; height: 10 mm), and a 2-mm
hole was drilled under water cooling in the cen-

ter of each resin cement column. After that, a
post was inserted vertically into the center of the
hole, and resin cement was injected into the hole
around the post. The resin cement was cured using a light with 1000 mw/cm 2 (EliparTrilight, 3M
ESPE, St. Paul, MN, USA) for 40 seconds. Each
specimen was clamped, and a low-speed saw
(Isomet 1000, Buehler, Lake Bluff, IL, Germany) was used for vertical sectioning under water
cooling (rotational speed: 500 rpm; abrasive
disk thickness: 0.3 mm). Three 1-mm-thick sections were obtained from each sample, resulting
in 12 disk-shaped samples in each group (Figure
1). Finally, the samples were preserved in water
at 37°C for 24 hours.
Micro-Push-Out Adhesive Strength Test
The precise thickness of each disk-shaped
specimen and the diameter of each post were
assessed using a digital micrometer with 0.01
mm precision. All specimens underwent micropush-out adhesive strength test at a crosshead
speed of 0.5 mm/min using a universal testing
machine. A disk-shaped specimen was loaded
using a cylindrical pressure probe placed at the
center point of the post segment such that the
surrounding resin cement was not contacted.
The load at specimen failure was defined as
Fmax and was recorded in Newtons (N). The
adhesive strength was calculated using the following formulas:
BS = Fmax/A

(1)

A = πdh
(2)
where BS is the adhesive strength between the
resin cement and fiber post; A is the adhesive area

Figure 1. Schematic illustration of micro-push-out testing specimens. A, The fiber post was first fixed in the self-made
mold. A 2 mm hole was drilled in the resin slab of 6 mm diameter that embedded in the self-cured resin of 20 mm diameter.
A post was inserted vertically into the center of the hole, and resin cement was injected and cured around the post. B, Vertical
schematic of the adhesion sample that fiber post was fixed with resin cement in the center. C, adhesion sample was sectioned
vertically to the long axis to obtain disk-shaped adhesion specimen of 1 mm thickness. D, A disk-shaped specimen was loaded
at the center of a post segment examined.
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in the post (mm2); d is the post diameter (mm);
and h is the specimen thickness (mm).
Failure Mode Examination
All micro-push-out testing specimens were
studied using a stereomicroscope (model SZX;
Olympus, Tokyo, Honshu, Japan) at 40× magnification to determine the failure modes, which
were classified as follows: (1) adhesive failure
between the post and luting material; (2) cohesive
failure within the post or luting material itself;
and (3) mixed failure consisting of a combination
of (1) and (2).
Failure Mode Examination
Forty posts were randomly distributed into
four groups (n=10) based on the surface treatments noted above. Three-point flexural strength
testing was conducted using a universal testing
machine (Instron 4444, Canton, MA, USA) according to the ISO 178 standard specification.
The central part of the cylindrical segment of
the fiber post was marked, and its diameter was
assessed with 0.01 mm accuracy. A customized
metallic device mounted on the testing machine
was used to fix the distance between the center
support points at 8 mm, and a crosshead speed of
0.5 mm/min was used. The load was defined as
Fmax at sample failure, and the flexural strength
(σf) was measured as follows:
σf = 8FmaxL/πd3

(3)

where L is the distance between the two supports (8 mm), and d is the sample diameter in
contact with the crosshead (mm).
Three-Point Flexural Modulus
The procedures were identical to those used for
the three-point flexural bending test. The flexural
modulus (E) was calculated as follows:
E = 4L3Fi/3πd4l

(4)

where L is the distance between the two supports (8 mm); d is the sample diameter; and Fi
and l are the force and deflection at a point i in
the elastic deformation mechanism, respectively.
Surface Morphology
The surface morphology of two posts from
each treated group was examined using scanning
electron microscopy (SEM; model S-4800; Hitachi, Tokyo, Honshu, Japan).

Elemental Composition Assay
Elemental analysis of the treated specimens
was performed using energy-dispersive X-ray
spectroscopy (EDS) within the SEM system
(SEM; model S-4800; Hitachi, Tokyo, Honshu,
Japan).
Statistical Analysis
The micro-push-out adhesive strength was analyzed using the two-way analysis of variance
(ANOVA), with independent factors in the model
including the treatment method and exposure
time before adhesion. The modulus of elasticity
(GPa) and flexural strength (MPa) were assessed
using a one-way ANOVA test, with the surface
measurement as an independent variable. The
Tukey test was used for post-hoc comparison,
while the distribution of the failure modes was
evaluated using the chi-square test. The level of
statistical significance was set at 5%, and all statistical analyses were performed using SPSS 25
(Statistical Package for the Social Sciences; SPSS
Inc., IBM, Armonk, NY, USA). A p-value < 0.05
was considered statistically significant.

Results
Adhesive Strength
The adhesive strength test results are summarized in Figure 2A. The two-factor ANOVA
showed that the treatment method and the duration of exposure to air before adhesion significantly affected the adhesive strength between
the post and resin cement (p<0.01), with an interaction effect observed between the two parts
(p<0.001). All three surface treatment methods
enhanced the adhesive strength of subgroup 1,
where the adhesion procedure began immediately after surface treatment (p<0.05). The micro-push-out adhesive strength of subgroup 1
of group PT was higher than that of the other
subgroups (p<0.05). No significant differences
in adhesive strength were observed between subgroups 2, 3, and 4 of groups PT and NT (p>0.05).
The mean value in subgroup 1 of group PIG
was significantly higher than that of the other
subgroups (p<0.05), while no significant differences were observed between the other three
subgroups of group PIG (p>0.05). The adhesive
strength of subgroups 2, 3, and 4 of group PIG
was higher than that of the corresponding subgroups in groups NT and PT (p<0.05). No significant differences in mean adhesive strength were
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Figure 2. Micro-push-out adhesive strength and failure percentage of fiber posts after different surface treatments. A, All
three treatment methods improved the adhesive strength at the 0-hours level. The adhesive strength of plasma-treated fiber
posts exposed to air for 1 hour did not differ from that of the control group. Fiber posts that received syn-irradiation grafting
exhibited the highest adhesive strength. B, Adhesive failure in the control group appeared to be the most common failure
mode. Cohesive failure only occurred in the grafting groups. There was no significant difference between the failure modes of
modified and unmodified samples (p > 0.05).

observed between subgroups 1, 2, and 3 of group
SIG (p>0.05) and were higher than that of subgroup 4 and the corresponding subgroup in the
other groups (p<0.05). Group SIG demonstrated
enhanced micro-push-out adhesive strength, regardless of the time elapsed between the treatment and adhesion processes (p<0.05).
Analysis of Failure Mode
The percentage of failure modes is given in
Figure 2B. The chi-square analysis of failure
modes showed no significant difference in failure
modes between the modified and unmodified
samples (p>0.05).
Three-Point Flexural Modulus and
Flexural Strength
The flexural modulus and flexural strength of
the modified post samples are shown in Figure
7844

3. No significant differences in the three-point
flexural strength and the flexural modulus of the
modified posts were observed between the different treatment groups (p>0.05).
SEM
The SEM images of treated fiber post are
shown in Figure 4. The fiber components of the
posts in the control group were exposed, the
inter-fiber gaps were filled with epoxy matrix,
and the surface fibers were seen to provide
some micro-mechanical retention. Samples
modified using He plasma and He-plasma-induced post-irradiation grafting treatments
showed negligible changes in surface morphology, while those that underwent,He-plasma-induced syn-irradiation grafting exhibited
surface fibers that were uniformly covered by
a grafting-resin layer, consistent with chemical
retention.
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Figure 3. Flexural modulus and flexural strength of different surface treatments of fiber posts. A, No significant difference
was proved in flexural strength among groups (p > 0.05). B, No significant difference was proved in flexural modulus among
the different groups (p > 0.05).

EDS
The results of EDS are listed in Table I. Elements C, O, Si, and Mg were observed on the
surfaces of the control samples. Plasma treatment
introduced Na element on the surface of samples,

and the C/O ratio and inorganic element content
of the group NT were 40.8% and 47.2% smaller
than those of the untreated samples, respectively.
These indicators were lower in group PIG and
greater in group PT when compared to group NT.

Figure 4. SEM micrographs (200×, 500×, and 1000×) of fiber post surfaces after undergoing treatment. A, Control (no
treatment): smooth post consisting of continuous fibers and epoxy resin matrix filling of the inter-fiber gaps; B, He plasma
treatment (5 minutes): smooth fiber post and partial exposure of fibers observed; C, He-plasma-induced post-irradiation
grafting modification (treatment with He plasma for 5 minutes and immersion in 10% Bis-GMA/TEGDMA for 1 hour):
partial exposure of fibers and coverage with resin matrix; and D, He-plasma-induced syn-irradiation grafting modification
(incubation in 10% Bis-GMA for 1 hour and treatment with He plasma for 5 minutes): the fibers were largely covered by the
grafting layer.
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Table I. Element composition and proportion of fiber posts employed surface treatments.
					 Chemical Elements			
Inorganic
		
Treatment						
C/O
elements
Groups
methods
C
O
Si
Mg
Na
Ratio
(%)
NT
PT
PIG
SIG

No treatment
Plasma treatment
Post-irradiation grafting
Syn-irradiation grafting

77.49
65.07
66.41
63.35

22.67
33.43
31.98
35.89

The samples in group SIG had the lowest C/O
ratio and inorganic element content, with the C/O
ratio being 46% lower than that of group NT and
8.7% lower than that of group PT. The inorganic
element content of group SIG was 73.2% lower
than that of group NT and 49.3% lower than that
of group PT. The C/O ratio and inorganic element
content varied by treatment method in the following order: samples modified by post-irradiation
grafting > samples modified by plasma treatment
> samples modified by syn-grafting.

Discussion
The fiber post-core system is widely used for
the homogeneous restoration of endodontically treated teeth. Plasma treatments have been
introduced into the dental field and applied to
the surface management of fiber posts. Plasma
treatment enables chemical adhesion regarding
the resin cement with fiber posts. However, the
treatment presents surface aging effect whereby
the functional groups produced by the plasma
treatment do not remain stable over time, resulting in a decline in the treatment efficiency. Although plasma-induced grafting polymerization
usually overcomes the aging effect issue in other
industries, its effects when used in dentistry to
treat fiber posts remain unclear. The current study
examined the effects of plasma treatment and two
methods of plasma-induced grafting polymerization on fiber posts. We rejected null hypotheses I
and II based on the results, as all three treatment
methods were observed to enhance the adhesive
strength between the resin cement and fiber posts.
Furthermore, both types of plasma-induced grafting polymerization successfully overcame the
surface aging effect of plasma treatment alone.
Therefore, we accepted null hypothesis III as
plasma treatment, and plasma-induced grafting
polymerization did not affect the bulk mechanical
properties.
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2.63
1.01
1.27
0.63

0.21
0.21
0.34
0.13

--0.28
-------

3.28
1.94
2.07
1.77

2.84
1.50
1.61
0.76

Plasma treatment of a polymer surface enhances the interfacial adhesive strength. In the
current study, He-plasma treatment significantly improved the adhesion of fiber posts, which
was in agreement with the findings of Yavirach
et al12. SEM images (Figure 4) did not significantly differ in surface topography between the
He-plasma-treated and control samples, suggesting that the enhanced adhesive strength was maybe caused by the chemical retention mechanism
rather than micromechanical retention by the
roughening surface. The energy transferred from
the plasma to the post surface is sufficient to open
the epoxy linkages and form oxygen free radicals
and functional groups, which may be important contributors to improved adhesive strength.
However, in the current study, a lower adhesive
strength was observed in posts with He-plasma
treated alone exposed to air for at least 1 hour
before the adhesion procedure. This finding was
in agreement with Ye et al15, who also found that
plasma treatment of fiber posts resulted in significant surface aging. Therefore, the mechanism of
this surface aging effect requires further study.
Despite surface aging caused by plasma treatment of fiber posts being an important concern
due to the increased risk of treatment failure
and de-adhesion, there is limited evidence-based
data available. Plasma-induced grafting polymerization provides an alternative strategy for introducing reactive functional groups onto the
surfaces of polymers25-28. The findings of the
micro-push-out adhesive strength analysis in
the current study showed that post-irradiation
grafting, and syn-irradiation grafting enhanced
the adhesive strength and the adhesive stability
of fiber posts, suggesting that plasma-induced
grafting of acrylic resin on the surfaces of fiber
posts is more effective than plasma treatment
alone. Furthermore, the adhesive strength of the
syn-irradiation grafting group was higher at any
time point when compared with the corresponding post-irradiation grafting group. The main

Effects of plasma-induced grafting modification on adhesive strenght in fiber posts

limitation of plasma-induced post-irradiation
grafting, also known as aerobic liquid grafting
and involving plasma initiation and monomer
adsorption, is that the plasma-treated materials
cannot be readily transferred to the grafting
solution, introducing air into the reaction system,
which occupies active sites and forms irregular
polymers. Contrary to plasma-induced post-irradiation grafting, plasma-induced syn-irradiation
breaks polar groups, so that surface activation
and crosslinking polymerization are achieved simultaneously, thereby reducing the formation of
irregular and non-repeating functional groups.
This may explain why the syn-irradiation group
had the highest adhesive strength. In addition,
analysis of the SEM images showed that the surface layers of syn-irradiation grafting modified
samples were smooth with no exposed fibers,
and this could be attributed to the generation of a
grafting layer by the Bis-GMA monomer, which
likely provided homogeneous adhesion sites for
the resin cement. The adhesive strength of syn-irradiation grafted posts after exposure to air for
12 hours was 23% lower than those that adhered
immediately after treatment. It is likely that some
self-polymerization occurred in the Bis-GMA/
TEGDMA grafting system due to the absence
of inhibitors, which lowered the number of the
resin cement reactive sites. Although the adhesive
strength of the syn-irradiation grafted posts decreased slightly after exposure to air for 12 hours,
it was still considered the highest compared to the
other groups and subgroups.
The number of oxygen-containing groups in
the surface layers of polymers affects their adhesion properties. The carbon/oxygen (C/O) ratio
is a vital predictor of adhesion performance by
being closely associated with chemical adhesive
strength. In the current study, 10% (v/v) BisGMA/TEGDMA was grafted onto the surface
layers of the fiber posts, and the C/O ratio of the
grafting solution was 1.85. A previous study26
showed that plasma treatment of polyethylene
fibers resulted in various oxygen-containing
groups (e.g., –C–OH, –C=O, –COOH, and –CO)
that play a key role in the enhancement of adhesive strength. In this study, the C/O ratio was reduced in all three treatment groups, and a higher
elemental oxygen content was seen in the plasma
treatment group. Moreover, a lower inorganic
element content was observed in both grafting
groups, particularly the syn-irradiation group,
and this was also in accordance with the adhesive
strength findings mentioned previously. These

positive changes in the C/O ratio and inorganic
element content suggest that the enhanced adhesive strength can be attributed to the generation
of oxygen-containing groups and their chemical
adhesion function.
The current study also examined the impact
of plasma-induced grafting treatment on mechanical performance assessed using three-point
flexural strength and modulus. A previous study23
found that plasma surface grafting on fibers for
reinforcement of polymethylmethacrylate composite materials resulted in a 10% increase in the
flexural strength of the composite material specimens compared to the untreated fiber group. In
the current study, although the surface treatment
did not improve the mechanical strength of fiber
posts, the mechanical strength of fiber posts after
treatment did not decrease significantly. SEM
analyses showed that the plasma and post-irradiation grafting treatments led to negligible changes
in the sample morphology, while syn-irradiation
grafting led to reduced fiber exposure and, consequently, decreased surface roughness. These negligible changes in mechanical properties could be
attributed to the microscopic characteristics of
the grafting modification.
Our study established the appropriate treatment
method that provided high and stable adhesive
strength without detrimentally affecting the bulk
properties of the fiber posts. These findings have
practical implications as plasma-induced grafting
modification techniques functionalize the surface
layer of the fiber post, and the grafted functional monomers provide improved adhesion. The
current study had certain limitations. Firstly, the
experimental design of this study was developed
in compliance with the clinical situation, and the
duration of post-treatment exposure to air was
limited to 12 hours. Although this was sufficient
to establish which method provided the ideal
stable adhesive strength, future studies should
explore the effects of longer intervals between the
treatment and adhesion procedures. The current
study observed a significant increase in adhesive strength after applying He-plasma-induced
grafting modification; however, further research
evaluating the effects of the reactive plasma type
and various plasma generation parameters on the
adhesion and mechanical properties is necessary.
Bis-GMA/TEGDMA monomers were introduced onto the fiber post surfaces by post-irradiation or syn-irradiation grafting in order to equip
them with the desired adhesive strength through
homogeneous adhesion with acrylic resin cement.
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The above findings also validated our strategy for
creating homogeneous adhesion and improving
adhesive strength. Plasma grafting modification
was seen to provide greater improvement in adhesive strength and an ability to overcome the
surface aging effect caused by plasma treatment
alone without altering the bulk mechanical properties of the fiber posts.

4)

5)

Conclusions
Plasma-induced post-irradiation and syn-irradiation grafting modification techniques developed in the current study effectively improve
adhesive strength and overcome the aging effects of plasma treatment alone. Moreover, these
techniques did not affect the bulk mechanical
properties of fiber posts. Therefore, in addition
to improving the adhesive strength of fiber posts,
this simple and rapid grafting modification strategy also has a potentially broader application in
the functional modification of resin materials and
resin-based ceramics materials commonly used
in dentistry
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