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Abstract
AIM: This study aimed to assess the effect of different surface treatments on the surface roughness and flexure 
properties of glass fiber posts “GFPs.”

MATERIALS AND METHODS: A total of 40 GFPs were divided into four groups (n = 10): GC – no surface treatment 
(control), GSB – sandblasted, GHF – hydrofluoric acid etched, and GL – Er: YAG laser irradiated. Surface roughness 
was detected using surface profilometer and the 3-points bending flexural test measured flexural strength and elastic 
modulus.

RESULTS: GSB showed the highest mean roughness followed by GHF, then GL, while GC had lowest roughness 
mean value. The 3 points bending test results were calculated and recorded, GSB exhibited the highest flexure stress 
(MPa) compared to GHF and GL. Modulus of elasticity (GPa) showed significant differences between the tested 
groups, GSB showed the highest modulus of elasticity compared to GHF and GL, while GC showed insignificant 
differences with all tested groups.

CONCLUSION: Different surface treatments postulated in this study showed alternations of GFPs surfaces without 
jeopardizing the mechanical properties of GFPs.
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Introduction

Endodontic therapy is mostly followed by post and 
core restorations attempting to restore the missed tooth 
structure and provide crown retention [1], [2], [3]. For 
optimum results, materials used for post-fabrication must 
exhibit physical and mechanical properties like that 
of dentin; closely matching elastic moduli results in 
homogenous distribution of occlusal stresses along with 
the roots, thus fracture risk is reduced, moreover, posts 
should be able to bond to the tooth structure and should 
be biocompatible in the oral environment [4],  [5],  [6].

Different post materials are marketed; fiber-
reinforced posts (FRC) are in use showing acceptable 
results both clinically and in practical research, due 
to “dentin-like” modulus of elasticity and favorable 
esthetic properties compared to metal posts [7], [8]. 
Fiber-based posts are composed of an epoxy 
resin matrix or its derivatives into which fibers are 
embedded for structure reinforcement and properties 
improvement [3], [9].

Restoring an endodontically treated tooth within 
the high-demand esthetic zone, led to the introduction 
of esthetic posts; glass fiber-reinforced composite resin 

posts (FRC), and yttrium stabilized zirconium-based 
ceramic posts [9], [10].

They are characterized by exhibiting an elastic 
modulus equal to that of dentin combined with their 
high durability [9], [10]. In glass fiber posts (GFPs), 
short length glass fibers are randomly distributed 
throughout the resin matrix, the incorporation of glass 
fibers reduces stresses produced at the interfaces, thus 
allowing the restored tooth to mimic the mechanical 
behavior of natural tooth structure [11], [12].

Surface treatments of dental structures 
and restorative materials are used techniques for 
roughening by removal of the superficial epoxy 
resin matrix and exposing the internal glass fibers, 
thus improving their general adhesion properties 
[1], [10], [13], [14]. Roughening is accomplished by 
mechanical treatments (sandblasting) or chemical 
treatments (etching with hydrofluoric acids or hydrogen 
peroxides) [1], [14].

In sandblasting; the post surface is subjected 
to a high-pressure stream of aluminum oxide (Al2O3) 
particles having different particle sizes, abrading the 
superficial layer resulting in roughened surface [10]. 
While, acid etching using hydrofluoric acid works by 
forming micro spaces between the exposed fibers, 
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consequently improving the bond between the luting 
agent and the post surface [14].

Recently, laser etching technology has invaded 
dentistry, types employed are argon laser, neodymium-
doped yttrium aluminum garnet (Nd: YAG) laser, diode 
laser, erbium-doped YAG (Er: YAG), and erbium 
chromium (Er, Cr: YSGG) [9].

However, there is scarce information about 
GFP different surface treatments influence their surface 
roughness and mechanical properties. Accordingly, 
this study was designed to evaluate and compare the 
effect of different surface treatments of GFP on surface 
roughness and flexure properties.

Materials

A total of 60 GFPs size#4 (GLASSIX radiopaque 
fiber post, NORDIN, Switzerland) were used in this study 
with dimensions of 1.5 mm in diameter and 20 mm in 
length. Posts were divided into four groups (n = 15) 
according to the surface treatment performed;

Group 1 (GC): No surface treatment.
Group 2 (GSB): Mechanical treatment 

“sandblasting.” Posts were sandblasted with 110 um 
diameter aluminum oxide particles at a pressure of 2–3 
bars (ALUKOR, Germany), the tip of the sandblasting 
device was held perpendicularly to the post at 1 cm. During 
the procedure, the post was rotated so that the aluminum 
oxide particles would be blasted on its entire surface for 
15 s, posts were then cleaned with compressed air for 15 
s to remove the residual particles [1], [10].

Group 3 (GHF): Chemical treatment “using 
hydrofluoric acid 9.6%.” Posts were etched for 60 s at 
room temperature then rinsed for 60 s and dried with air 
blow [1], [10].

Group 4 (GL): Laser irradiation 
(Er: YAG laser 2940 nm). Posts were irradiated with 
an Er: YAG (2940 nm) with energy 150 mJ, output 
power 1.5 W, and repetition rate of 10 Hz in a pulsatile 
non-contact mode (angled handpiece, 0.9 mm spot 
size). The laser beam was delivered perpendicularly 
forming a 90° angle with the post surface at a constant 
distance of 1 mm for 60 s undercooling.

Methods

● According to the ethics guidelines, no ethical 
approval was needed as this article was not 
conducted on animals or humans

● No informed consent was needed as it was not 
conducted on humans.

Surface roughness evaluation

A total of 20 GFPs were subjected to surface 
roughness evaluation (n = 5), the test was conducted 
using a contact profilometer (Elcometer 224/2, 
Elcometer Instruments, Great Britain). Three readings 
were obtained from the needle passing across the length 
of each post; finally, a roughness average of the posts 
was calculated for each group [15].

Three-point bending testing

A total of 40 GFPs (10 from each group) were 
subjected to a bending test. The GFPs were stored 
at 37c for 48 h before testing. The mean diameter of 
each post was measured in five different regions using 
a digital caliper “Mitutoyo digital caliper, Japan.” Posts 
were loaded to failure in 3-point bending by the ISO 
standard number 10477 (10.0 mm span, 0.5 mm/min 
crosshead speed, 2 mm cross-sectional diameter of the 
loading tip) with a 500 N load cell, using a universal 
testing machine “Instron universal testing machine 
model 3354 Instron instruments England.” Flexural 
strength (σ); σ = 8FmaxL/πd3 (in MPa) where, FMax is the 
applied load (in Newton) at the highest point of the load-
deflection curve, L is the span length (6.0 mm), and d 
is the diameter of the posts (in mm) [3], [6], [12], [15].

Modulus of elasticity

From the values obtained by the 3-point 
bending test, the modulus of elasticity (Ef) was 
calculated by the following equation: Ef = S4L3/3d4, 
where S is the  stiffness, L is the distance between the 
support points in mm (8 mm), and d is the diameter 
of the post. S was obtained using the following 
equation: F=S/D, where F is the maximum load value 
in Newton  and D is the deflection value (in mm) [16].

Statistical analysis

Data explored for normality using Kolmogorov–
Smirnov test. One-way ANOVA was used to compare 
between tested groups followed by Tukey HSD post hoc 
test for multicomparison. A significant level was set at 0.05 
(α = 0.05). Statistical analysis was done using Statistical 
Package for the Social Sciences (IBM SPSS Statistics 
for Windows, Version 23.0. Armonk, NY: IBM Corp.)

Results

Surface roughness

GSB (5.5 ± 0.6) showed the highest surface 
roughness followed by GHF (3.9 ± 0.3) then GL 
(3.2 ± 0.2) while GC exhibited the lowest surface 
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roughness (2.1 ± 0.4) with a significant difference 
between all the groups at p ≤ 0.001.
Table 1: Mean and standard deviation (SD) for surface 
roughness of the tested groups
Group/test Control Laser Chemical Mechanical p-value

Mean SD Mean SD Mean SD Mean SD
Roughness 2.1d 0.4 3.2c 0.2 3.9b 0.3 5.5a 0.6 ≤0.001*
Different letters within each row indicate a significant difference.

Three-point bending test
1. Maximum flexure load (N)
 GC showed the highest flexural load value 

(46.9 ± 5.6) followed by GHF (44.1 ± 7.9) then 
GSB (43 ± 6N), while GL exhibited the lowest 
mean value (42.2 ± 8) with no significant 
difference resulted between all the tested groups 
at p = 0.481, as shown in Table 2 and Figure 2.

Table 2: Mean and standard deviation (SD) for flexure stress at 
maximum flexure load (MPa) of the tested groups
Group/test Control Laser Chemical Mechanic p-value

Mean SD Mean SD Mean SD Mean SD
Maximum flexure load (N) 46.9 5.6 42.2 8.7 44.1 7.9 43.0 6.0 0.481 NS
Different letters within each row indicate a significant difference.

2. Flexure stress at maximum flexure load (MPa)
 GSB showed the highest flexure stress mean 

value (697.1 ± 96.9 N) at maximum flexure load 
(MPa) compared to GHF (572.9 ± 102.6 N) then 
GL (548 ± 112.7 N) with a significant difference 
resulted between all the tested groups at 
p = 0.009, while the control group showed 
insignificant difference with all tested treatments, 
as shown in Table 3 and Figure 3.

Table 3: Mean and standard deviation (SD) for flexure stress at 
maximum flexure load (MPa) of the tested groups
Group/test Control Laser Chemical Mechanical p-value

Mean SD Mean SD Mean SD Mean SD
Flexure stress at 
maximum flexure 
load (MPa)

609.5ab 73.3 548.0b 112.7 572.9b 697.1 102.6 96.9 0.009*

Different letters within each row indicate a significant difference. p≤0.009*

3. Modulus of elasticity (GPa)
 GSB showed the highest modulus (28.9 ± 2.9) 

followed by GHF (23.6 ± 4) then GL (23 ± 4.6) 
with a significant difference between all the 
tested groups at p = 0.003, while GC showed 
insignificant difference with all tested groups, 
as shown in Table 4 and Figure 4.

Table 4: Mean and standard deviation (SD) for modulus of 
elasticity (GPa) of the tested groups
Group/test Control Laser Chemical Mechanical p-value

Mean SD Mean SD Mean SD Mean SD
Modulus of elasticity (GPa) 25.8ab 2.3 23.0b 4.6 23.6b 4.0 28.9a 2.9 0.003*
Different letters within each row indicate a significant difference. p≤0.003*

Discussion

FRC are more frequently used than cast posts 
for the retention of previously endodontically treated 
teeth, due to their better retentive properties, lower 
incidence of root fracture, combined with more favorable 

esthetics. Their success depends on the bond strength 
between resin cement, dentin, and post [2], [16]. 
GFPs are characterized by exhibiting modulus of 
elasticity closely matching to that of dentin, they are 
biocompatible, they also demonstrate; high durability, 
resistance to corrosion, and superior esthetics [17].

Figure 1: Bar chart for mean roughness of the tested groups

Debonding between posts and resin materials 
remains the most common cause of post-failure. 
Different surface treatments have been postulated 
aiming to modify the surface of the post and 
improving the interaction between the post and the 
resin cement without jeopardizing their mechanical 
properties, consequently, their clinical performance is 
increased [3], [14], [17].

Figure 2: Bar chart for mean flexure stress at maximum flexure load 
(MPa) of the tested groups

In the present study, a total of 60 GFPs were 
randomly divided into four groups (n = 15); GC, GSB, 
GHF, and GL. GHF posts were chemically treated using 
hydrofluoric acid (HF); HF is considered as a weak acid; 
however, it has a strong ability to etch glass surfaces 
with significant surface alterations, HF was used at a 
concentration of 9.6% due to its efficiency in surface 
etching without affecting strength [1], [10], [14]. GL posts 
were irradiated by Er: YAG laser at a power of 1.5 W, 
since it does not damage the glass fibers but at the same 
time clears the epoxy resin coating over the surface of 
the posts, potentially allowing silane coupling agent to 
chemically interact with exposed glass fibers [17].
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Figure 3: Bar chart for mean flexure stress at maximum flexure load 
(MPa) of the tested groups

Results of surface roughness showed that 
there was a significant difference between all tested 
groups, GSB exhibited the highest mean value followed 
by GHF, this might be due to the high speed of AL2O3 
particles impacting the posts surfaces consequently, 
larger contact area, and high surface roughness. 
This was by Akin et al. in 2014 and Maroulakos et al. 
in 2019 [18], [19].

GL showed a lower mean value when compared 
to GSB and GHF, but higher than that of the control 
group with a significant difference. The GFPs irradiated 
with laser Er: YAG laser resulted in the removal of 
polymeric matrix of a post by ablation, exposing the 
fibers which increase the final surface roughness. 
Laser parameters in terms of intensity, frequency, 
wavelength, and ablation rate are the deciding factors 
to obtain optimal roughness values [19].

Figure 4: Bar chart for mean modulus of elasticity (GPa) of the tested 
groups

Surface roughness results in GL can be 
explained by the fact that an Er wave is well-absorbed 
by water, erbium lasers work through a pulsed beam 
system, fiber delivery system, and laser tip with water. 
Water is incorporated for cooling and reducing heat 

generation. Since laser radiation is well absorbed by 
water; water reaches the boiling point and causes 
microexplosion of the irradiated material. This action 
breaks up the microstructure into small pieces and 
dissipates them at the same time. As this explosion 
occurs in water, it is so-called a preparation induced 
by water. Therefore, a water spray is used for 
cooling [20], [21].

The flexure strength parameter is the 
determinant of the fracture resistance; higher values 
indicate that a sample is more resistant to fracture.

The flexural strength depends on the specimen 
configuration and is calculated by the highest load a 
sample can withstand. The flexural modulus is the 
property that defines the flexibility of a sample; the 
higher values, the stiffer the material, while lower values 
indicate higher flexibility by taking into consideration the 
elastic behavior of a sample within a load range that 
will not cause plastic deformation [4], [5]. The 3-point 
bending test is determined by some factors such as the 
span distance, the post shape, design, and diameter of 
the fiber post [22].

In the present study, results of flexure stress 
at maximum flexural load showed that GC exhibited 
insignificant differences with all tested groups. GSB 
showed the highest mean value when compared to 
GHF and GL with a statistically significant difference. 
This was by Soares et al. in 2008 [23], they analyzed 
the influence of airborne-particle abrasion on the 
mechanical properties of carbon/epoxy and glass/
bis-GMA fiber- reinforced resin posts, concluding 
that airborne-particle abrasion resulted in fibers 
discontinuities or even fibers fractures without 
jeopardizing the mechanical properties of the post.

This was by Braga et al. in 2012 [16] who 
assessed the influence of surface treatments of FRC 
on their flexural strength, modulus of elasticity, and 
morphology. They concluded that the flexural strength 
of FRC abraded with airborne particles was superior to 
those treated with HF.

On the contrary, Zicari et al. in 2012 [24] 
concluded that airborne-particle abrasion is considered 
aggressive surface treatment, because it resulted in 
volumetric reduction and plastic deformation of the 
posts, jeopardizing their mechanical and physical 
properties.

Results of the current study revealed that 
GSB had the highest modulus of elasticity mean 
value followed by GHF then GL with significant 
differences; this can be attributed to the reduction 
in the post diameter after surface treatment, which 
was confirmed by measurements made in the posts 
after treatment. The reduction of the post diameter is 
related to the modulus of elasticity since it is calculated 
by the equation Ef = S4L3/3πd4, which indicated that 
the modulus of elasticity is inversely proportional to 
diameter [9], [12], [24], [25].
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However, Braga et al. in 2012 [16], according 
to their results, concluded that chemical treatment did 
not alter the post diameter and therefore did not affect 
its elastic modulus.

In the present study, GL recorded the lowest 
mean values of flexural strength and modulus of 
elasticity, which might be related to the damage in 
the interfiber area, which had led to the separation 
between the fibers forming gaps which might be the 
main cause of the weakness of the internal structure 
of GFPs, explaining the dropping of strength values of 
GL posts, this was supported by Akin et al. in 2014 [18] 
who reported that sandblasting produced more gentle 
damage and superficial effect on the post structure 
more than Er: YAG laser irradiation.

Conclusion

Within the limitations of the current study, it c 
different post surface treatments did not interfere with 
the flexural properties of GFPs. Flexural properties of 
the treated fiber posts showed statistically insignificant 
differences with the untreated posts despite the 
surface treatments performed. Different surface 
treatments cause significant changes in the post’s 
surface roughness which might increase post retentive 
properties.
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