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Objectives: Heat-cure acrylic resin is commonly used for the fabrication of denture 
base; however, it does not meet all the ideal requirements of a denture base material. 
This study was performed to assess the surface hardness and roughness of natural 
wool fiber-reinforced heat-cure acrylic resin as a denture base material. 

Materials and Methods: Sixty acrylic specimens were fabricated in this in vitro 
study; they were divided into three main groups. The first group (control) included 
acrylic specimens without fiber reinforcement, the second group (NW) included 
acrylic specimens reinforced with 0.25wt% natural wool fibers and the third 
group (SW) included acrylic specimens reinforced with 0.25wt% silane-treated 
natural wool fibers. Each group was further subdivided into two subgroups based 
on the tests performed, surface hardness test group and surface roughness test 
group. Surface hardness was measured by a Shore D hardness tester. A 
profilometer was used for measurement of surface roughness. The results were 
statistically analyzed using one-way ANOVA and Tukey's post-hoc test and P≤0.05 
was considered statistically significant. 

Results: The SW group had the highest mean surface hardness value, followed by 
the NW group, whilst the control group had the lowermost mean value. However, 
the statistical significant difference was only evident between the SW group and 
the control group (P=0.018). Meanwhile, no statistically significant difference was 
found in surface roughness among the tested groups (P>0.05). 

Conclusion: The surface hardness of heat-cure acrylic resin can be improved by 
reinforcement with silane-treated natural wool fibers without significantly 
affecting its surface roughness. 
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INTRODUCTION 
Despite the improvements in oral hygiene, 
many elderly people require full or partial 
dentures to replace their missing teeth [1]. 
Nowadays, acrylic resin is the typical material 
used for the fabrication of denture bases [2]. 
Optimal mechanical and physical 
characteristics are essential for denture base 
acrylic resin. Although acrylic resin denture 
bases are easy to process using inexpensive 
techniques and are esthetically pleasing, they 

are not ideal [1]. The material of denture bases 
must possess adequate abrasion resistance in 
order to prevent excessive wear by food stuffs 
or abrasive denture cleaners [2]. Surface 
hardness indicates resistance of material to 
scratching and indentation [1]. Microhardness 
measurement of acrylic polymers reveals that 
they are relatively soft in comparison to alloys 
[2]. This exposes the acrylic denture base to 
abrasion, especially during brushing and 
application of abrasive cleansers, which can 
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adversely affect the function and esthetics of 
these prostheses [3]. Moreover, rough surfaces 
with indentations, projections and irregularities 
can contribute to denture stomatitis [4,5]. 
Furthermore, rough denture bases are more 
susceptible to discoloration than smooth 
surfaces and tend to prompt halitosis, thus 
decreasing patient comfort [6]. Denture base 
resins with adequate surface properties 
contribute to the longevity of denture and 
maintain the esthetic requirements.  
Efforts have been made to enhance the 
properties of denture base acrylic resins [7,8]. 
An alternative approach to improve acrylic 
denture bases is the incorporation of fibers to 
produce a fiber-reinforced composite [9,10,11]. 
Natural fibers have gained popularity since 
concerns about environmental risks have 
grown [12]. Natural fibers embedded in 
thermoset matrices cause their reinforcement 
and create thermoset composites with 
improved properties. These fibers are 
distinguished by biocompatibility, low 
density, low cost, and sufficient mechanical 
properties [12,13]. Although natural fibers 
offer numerous advantages in the production 
of polymeric composites, the commonly 
inferior mechanical qualities of the resulting 
materials due to poor adhesion of the added 
fibers limit their usage as textile fibers. Thus, 
surface modification of natural fibers is 
strongly recommended to enhance the 
adhesion of fibers to the matrix to obtain the 
maximum benefit of added fibers [14]. 
However, the available literature mainly 
focuses on the use of natural cellulose-based 
fibers, and studies on natural keratin-based 
fibers for reinforcement are scarce [12]. 
Wool fibres are remarkable natural materials, 
they are distinguished by their multifunctional 
chemical groups and unique structure which 
extends from the outer cuticle layer to the inner 
helical arrangement of the cortex. Natural wool 
fiber has a characteristic cylindrical shape with 
a taper from the root to the tip. In a cross-
sectional view proceeding from the periphery 
to the center, the wool fiber has a cuticle 
consisted mainly of proteins, lipids, and 
carbohydrates, and a cortex composed of 
approximately 90% keratinous fiber. It has 

been reported that the characteristics of 
natural wool fibers are strongly related to 
keratin. In industry, wool has been reported to 
enhance the features of polymeric matrix when 
used as reinforcement [12]. 
To date, the effect of reinforcement of 
denture bases made of heat-cure acrylic resin 
material with natural wool fibers has not 
been studied. In this study, natural wool 
fibers were added with and without chemical 
surface treatment to evaluate their effect on 
some surface characteristics of heat-cure 
acrylic resin denture base material. The null 
hypothesis stated that natural wool fiber 
would not impact the surface properties of 
heat-cure acrylic resin. 
 
MATERIALS AND METHODS 

The protocol of this in vitro study was 
authorized on January 3, 2022 by the ethical 
committee of the Dentistry College at the 
University of Baghdad (Approval No. 13). 
Sixty acrylic specimens were fabricated and 
divided into three main groups. The control 
group included acrylic specimens without 
fiber reinforcement. The second group was 
the natural wool group (NW) and included 
acrylic specimens after reinforcement with 
0.25%wt natural wool fibers. The third group 
(SW) was the natural wool group containing 
acrylic specimens reinforced with 0.25%wt 
silane-treated natural wool fibers. Each main 
group was further subdivided into two 
subgroups based on the test performed: the 
surface hardness test group and the surface 
roughness test group. 
Natural wool fibers were obtained from the 
Iraqi local market. First, they were cut into 
pieces 2mm in length (Fig. 1A) [15]. Next, they 
were cleaned in an ultrasonic bath (Sofine, 
China) in order to eliminate the residual dirt 
from the fibers [14,16]. The ultrasonic bath 
container was filled with distilled water at 50˚C 
and detergent (Persil, KSA). The concentration 
of the detergent in the bath was 0.5g\L. Then, 
the fibers were immersed in this bath and 
cleaned for 3 minutes. The fibers were then 
removed and the bath was cleaned and refilled 
with distilled water at 50˚C. Next, the fibers 
were re-immersed in the bath and cleaned for 
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Fig 1. Natural wool fibers: (A) After cutting and 
before ultrasonic cleaning, (B) after ultrasonic 
cleaning and drying for 24 hours on filter paper, and 
(C) after silane treatment and drying for 14 days. 

 
another 6 minutes [17]. Finally, they were 
distributed over a filter paper and left to dry for 
24 hours at room temperature (Fig. 1B) [18]. 
Treatment with silane coupling agent (3-
methacryloyloxy propyl trimethoxy silane; 
Sigma-Aldrich, China) was done for half of the 
cleansed fibers. Silane (10wt%) was dissolved 
in methanol/water/acetic acid in a ratio of 
75v%:8v%:17% [19]. The fibers were added 
to the silane-containing mixture, stirred with a 
magnetic stirrer (IKA, Germany) for 30 
minutes and then left for 14 days to dry at 
room temperature (Fig. 1C) [20]. 
Wool fibers without and with silane treatment 
were added to 0.25wt% acrylic powder in a 
glass container and stirred with a mechanical 
stirrer for 5 minutes at a speed of 400rpm [9,21]. 
Specimens for assessment of surface hardness 
were fabricated using the same conventional 
method of complete denture fabrication and 
measured 35mm in width and length, and 
6mm in thickness [22]. Plastic molds with the 
specified dimensions were designed using 
hard putty silicone (Protechno, Spain) [23], 
and invested in type IV dental stone (Lascod, 
Italy) in a metal dental flask. The acrylic 
powder (Spofa-Dental, Kerr, Czech) was then 
mixed with the monomer according to the 
manufacturer’s instructions. After reaching 
the dough stage, the mixture was packed in the 
silicone mold and pressed in a hydraulic press. 
Then the flask was placed in the clamp and 
fastened properly. The flask with clamp was 
placed in a water bath for curing in the short 
curing cycle according to the manufacturer’s 
instructions as follows: First, it was immersed 
in water at room temperature; then the 
temperature was elevated to 70oC within 30 
minutes, and subsequently the temperature 

was fixed at 70oC for another 30 minutes. 
Next, the temperature was raised to 100oC 
within 30 minutes and maintained for another 
30 minutes. Finally, the flask with the clamp 
was removed from the water bath and cooled 
on a bench to room temperature [24]. After 
cooling, the specimens were retrieved from 
the flask and finished according to ISO 
specification 20795-1, 2013 [25] by wet 
grinding using P500, P1000, and P1200 
silicone carbide abrasive papers until smooth 
and flat surfaces were obtained. The specimen 
dimensions were continuously checked using 
a digital vernier caliper (China) with 0.01mm 
accuracy (Fig. 2). Then the finished specimens 
were conditioned prior to testing in 
accordance with ISO specification 20795-1, 
2013 [25] in distilled water for 50+2 hours at 
a temperature of 37+1oC. 
 

 
Fig 2. Finished surface hardness test specimens: (A) 
Control group, (B) natural wool group, and (C) silane-
treated natural wool group. 

 
Specimens for evaluation of surface roughness 
were fabricated according to ISO specification 
20795-1:2013 [25]. They were disc-shaped 
and measured 0.5+0.1mm in thickness and 
50+1mm in diameter. A stainless-steel mold 
and cover were invested in a type IV dental 
stone in a metal dental flask. After mixing the 
acrylic powder with the monomer, it was 
packed in the steel mold with a polyester sheet 
against the steel cover [25]. The flask was then 
pressed in a hydraulic press, positioned in the 
clamp, and properly fastened. Finally, it was 
cured in a water bath and cooled afterwards 
using the same method described previously 
for preparation of surface hardness 
specimens. The specimens were retrieved 
(Fig. 3) and conditioned prior to testing 
according to ISO specification 20795-1, 2013 
[25] in distilled water for 50+2 hours at a 
temperature of 37+1°C. 
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Fig 3. Surface roughness test specimens: (A) Control 
group, (B) natural wool group (C) silane-treated 
natural wool group. 

 
The Fourier-transform infrared (FTIR) 
spectroscopy was utilized for chemical 
analysis of the wool fibers before adding 
them to the acrylic resin in order to evaluate 
the validation of silane treatment. It was done 
for the silane coupling agent and for the 
natural wool fibers before and after silane 
treatment. The FTIR spectrum was reported in 
a range of 4000-600cm-1 in the transmittance 
mode, and then the results of the three 
specimens were compared. 
Field-emission scanning electron microscopy 
(FE-SEM) was done to evaluate the 
morphological characteristics of the external 
surface of the acrylic specimens for all study 
groups, such that we could observe the effect of 
wool fibers on the surface morphology of 
acrylic specimens. 
The surface hardness test was performed 
according to ISO specification 868:2003 [22] 
using Shore D hardness tester (Elcometer, 
UK). The test specimen was placed on the 
surface of a hard horizontal plane. The 
durometer was held vertically, and the presser 
foot was then pressed on the test specimen by 
the durometer stand and a weight of 5kg was 
centered on the axis of the intender as rapidly 
as possible, without shock. The foot was kept 
parallel to the surface of the test specimen; the 
highest durometer reading was recorded. The 
point of indenter was placed away from the 
edges of the test specimen by 9mm; five 
hardness measurements were made at 
different positions on each specimen 6mm 
apart and the mean reading of the 
measurements was calculated and reported. 
The surface roughness test was performed by 
a contact profilometer (Beijing time Co, China) 
with an accuracy of 0.001μm. The specimen 
was placed on a flat surface. Measurement was 

performed with 5.5mm tracing length, 1mm/s 
stylus speed, and an end point cutting value 
of 0.8mm. Three measurements were made 
for each specimen, one at the center and two 
midway between the center measurement 
and the edge of the specimen on either side. 
The mean value of the three measurements 
of the surface roughness was calculated in 
micrometers (μm) [23,26]. 
The results were analyzed statistically using 
SPSS version 24 (SPSS Inc., IL, USA). Shapiro-
Wilk test was used for testing the normality 
of variables distribution. Mean, standard 
error, and standard deviation values were 
reported for each test. Levene’s test was 
utilized to test the homogeneity of variance of 
the variable among groups. One-way ANOVA 
was used for the comparison of the mean 
values of the study groups. Furthermore, 
pairwise comparisons between the study 
groups were done by the Tukey's HSD post-
hoc test. Statistical significant was at P≤0.05. 

 
RESULTS 
The FTIR test results are shown in Figure 4. 
The FTIR spectrum of the silane coupling 
agent (Fig. 4A) showed a characteristic band 
for the stretching vibration of C=O group of 
methacryloyloxy group at 1716cm-1. The 
spectrum also exhibited two peaks at 
approximately 1635cm-1 and 1454cm-1 that 
are assigned to the stretching vibrations of 
C=C band and the deformation mode of the 
CH2 groups of the silane, respectively. The 
spectrum also showed two medium-intensity 
bands at 2943cm-1 and 2839cm-1 of 
symmetrical stretching vibrations of –C-H 
groups. However, when comparing the FTIR 
spectra of the wool fibers before and after 
treatment with silane (Fig. 4B), the main 
difference was observed in the intensity of the 
bands, which were positioned at 1712cm-1 and 
1631cm-1. Furthermore, there was a slight 
modification in the section between 900cm-1 
and 1400cm-1 of the stretching bands of -Si-O-
R- and -Si-O-Si- groups. Additionally, 
formation of new bands was detected in the 
region of 2920cm-1 and 2850cm-1 of the silane-
treated wool fibers. 
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Fig 4. FTIR (Fourier-transform infrared) spectrum of (A) silane coupling agent (B) natural wool fibers; black 
spectrum before the silane treatment and red spectrum after the silane treatment. 

 
FE-SEM analysis of the external surface of the 
specimens revealed no apparent differences 
among the groups tested (Fig. 5). All specimens 
showed the appearance of a mildly rough surface 
that contained narrow grooves. In addition, there 
was no evidence of wool fibers on the surface of 
the reinforced acrylic specimens.  
The result of the Shapiro-Wilk test showed a 
normal distribution among the studied groups for 

both surface hardness and surface roughness 
tests. The results of descriptive statistics of the 
surface hardness test indicated that the SW group 
had the highest mean surface hardness, followed 
by the NW group, whilst the control group had the 
lowermost mean surface hardness (Table 1). The 
results of Leven's test showed that there were no 
differences of variance in the studied group 
(P=0.408). The One-way ANOVA test indicated a
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Fig 5. FE-SEM micrographs of the external surface of a (A) control specimen (B) NW specimen, and (C) SW specimen; 
NW: natural wool group; SW: silane-treated natural wool group. 

 
Table 1. Descriptive statistics of surface hardness 
(Shore D) in the study groups (n=10) 

Group Mean 
Standard 
deviation 

Standard 
error 

Control 80.340 1.710 0.541 

NW 81.420 1.967 0.622 

SW 83.010 2.165 0.685 

NW: natural wool group; SW: silane-treated natural 
wool group. 
 

statistically significant difference among the 
groups in surface hardness (P=0.018). 
Furthermore, a significant difference was found 
between the SW group and the control group as 
shown by the Tukey's HSD test (P=0.014). 
However, there were no significant differences 
between the NW and the control groups 
(P=0.444), or between the SW and NW groups 
(P=0.183). For the surface roughness test, 
descriptive statistics showed that the NW group 
had the highest mean surface roughness followed 
by the SW group, while the control group showed 
the lowest surface roughness (Table 2). The 
results of the Leven's test showed that there were 
no differences of variance in the studied groups 
(P=0.627). Moreover, one-way ANOVA found no 
statistically significant difference among the 
groups in this regard (P=0.836). 

 

Table 2. Descriptive statistics of surface roughness 
(μm) in the study groups (n=10) 

Group Mean 
Standard 
deviation 

Standard 
error 

Control 0.060 0.009 0.003 
NW 0.063 0.009 0.003 
SW 0.061 0.011 0.003 

NW: natural wool group; SW: silane-treated natural 
wool group. 

DISCUSSION 

Heat-cure acrylic resin has been successfully 
used for the fabrication of complete and 
partial denture bases for many years. 
However, it does not meet the ideal 
requirements of a dental prosthesis [1].  Daily 
toothbrushing and foodstuffs can cause 
abrasion or wear of the denture base. Surface 
hardness is of primary importance to prevent 
abrasive wear of substrates [2]. In addition, 
increased surface roughness of a denture base 
has a negative impact on esthetic appearance 
and hygiene of dentures, as it facilitates 
bacterial plaque adhesion and staining of 
denture [6]. Thus, denture base material 
should be able to resist plastic deformation 
and have a smooth surface. Natural wool fibers 
are high-performance fibers with many 
desirable properties that synthetic fiber 
manufacturers are still unable to emulate. 
They are ecological, durable, and elastic [27]. 
However, there are also disadvantages 
associated with the usage of natural fibers 
especially when utilized as a reinforcement 
material; the interfacial adhesion between the 
fibers and the reinforced matrix may be 
problematic [12]. Thus, in order to improve 
the mechanical interactions of natural fibers 
with the matrix, surface treatment of the fibers 
has been suggested in some studies before 
using them as reinforcement [19,28]. Silane 
treatment is the most common chemical 
surface treatment especially for natural fibers. 
It enhances the interfacial adhesion of natural 
fibers with the matrix, where the bond 
between the fiber and the polymer matrix can 
be bridged by coupling agents. The hydroxyl 
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groups on the surface of raw natural fibers 
are inactive; therefore, silane treatment 
would lower the quantity of hydroxyl groups 
in natural fibers by reacting with the 
coupling agent. This in turn, reduces their 
water sorption and enhances their 
properties [12,13]. This study evaluated the 
impact of adding 0.25wt% natural wool 
fibers and silane-treated wool fibers on the 
surface hardness and surface roughness of 
heat-cure acrylic resin. 
Characterization of natural wool fibers before 
and after silane treatment by FTIR indicated 
the success of silane treatment of wool fibers. 
The spectrum showed an increase in the 
intensity of bands located at 1712cm-1 and 
1631cm-1 due to the overlap of the functional 
group of the fibers and the silane agent. In 
addition, modification of the stretching bands 
of -Si-O-R- and -Si-O-Si- groups indicates the 
release of active groups on the surface of silane-
treated wool fibers [19]. Moreover, formation 
of new bands at 2920cm-1 and 2850cm-1 could 
be assigned to the presence of silane on the 
surface of wool fibers, which further indicates 
the success of the reaction between the wool 
fibers and the silane agent [29]. 
The observed FE-SEM test results could be due 
to the low percentage of the added fibers, 
which resulted in no evidence of the fibers in 
the area scanned. In addition, the scan was 
done only on the external surface, no scan was 
done on the bulk of specimen. 
The surface hardness test results in the 
current study may be due to the fact that the 
hardness of a material is its resistance to 
permanent deformation or resistance to 
indentation [30], and wool fibers have a 
characteristic elastic recovery due to the 
presence of alpha helical cells before being 
permanently deformed [12]. Another reason 
is the enhanced adhesion between fibers and 
the matrix due to silane treatment, which 
may be the cause of significant improvement 
in surface hardness in the SW group in 
comparison to the control group [12,31]. On 
the other hand, poor adhesion between the 
reinforcement fibers and the matrix may be 
the cause of insufficient load transfer to the 
matrix causing insignificant difference in 

hardness value between the NW group and the 
control group. The surface hardness findings 
in the present study were in agreement with 
the outcomes of earlier studies by Sharhan et 
al. [32] who added polyacrylonitrile fibers and 
Fatihallah et al. [11] who added polyester and 
polypropylene fibers to heat-cure acrylic 
resin. Both studies reported a significant 
improvement in surface hardness of acrylic 
resin after fiber reinforcement. However, 
these results conflict with the findings of Gad 
et al. [33] who added glass fibers to heat-cure 
acrylic resin; this may be due to the difference 
in fiber properties or the use of a higher 
percentage of fibers by weight in their study. 
The results of the surface roughness test in the 
present study may be because of the uniform 
distribution of fibers within the acrylic resin 
and the low percentage of fibers used. In 
addition, surface roughness measures only the 
fibers on the surface; it does not measure the 
effect of presence of fibers inside the bulk of 
the material [32,34]. The present results 
regarding surface roughness agrees with 
those of Jassim [10] who added polyamide 
fibers treated with oxygen plasma gas, and 
noticed that surface roughness increased with 
increasing fiber concentration, but it was 
statistically insignificant. However, these 
outcomes were in contrast to those of Sharhan 
et al. [32] who added polypropylene fibers and 
Gad et al. [33] who added glass fibers to heat-
cure acrylic resin. Both studies reported a 
significant rise in surface roughness, which 
was explained by the possibility of protruding 
the fibers from the surface and the fact that the 
test does not measure the bulk of the material, 
and only assesses the outer surface. 
In the current study, the null hypothesis was 
partially rejected, since the addition of natural 
wool fibers only resulted in a significant 
enhancement in surface hardness of the 
acrylic resin after being treated with silane 
coupling agent, yet it did not affect the surface 
roughness. According to the results of this 
study, an acrylic denture base can be 
reinforced with natural wool fibers in order to 
obtain a denture base with enhanced surface 
hardness. However, one limitation of this in 
vitro study was that the specimens used did 
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not physically replicate the shape of an actual 
denture base. Also, only one length of the added 
fibers was used. Therefore, further studies are 
recommended to assess the use of heat-cure 
acrylic resin reinforced with natural wool fibers 
of different lengths with physical fabrication 
under more closely simulated conditions. 
 
CONCLUSION 

Natural wool fibers in 0.25wt% concentration 
can significantly enhance the surface hardness 
of heat-cure acrylic resin after treatment with 
silane coupling agent. At the same time, they did 
not significantly affect the surface roughness. 
Natural wool fibers of the same concentration 
without surface treatment did not produce 
significant effects on surface hardness or 
roughness of heat-cure acrylic resin. 
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