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ABSTRACT ARTICLE HISTORY
Introduction: To improve the clinical outcomes and long-term durability of polymethyl methacry- Received 21 October 2025
late (PMMA) denture-based resins, they have undergone several developments and changes in their Accepted 05 February
chemical composition to enhance their mechanical properties, including reinforcing them with natu- 2026

ral fibers.
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Aim: This systematic review aimed to explore the influence of plant fiber reinforcement on the mechanical natural fibers; plant fibers;

characteristics of PMMA denture resins. denture base materials;
Material and methods: For this purpose, the formulated focus question was ‘Does incorporating plant biomaterials
fibers in PMMA denture resins improve their mechanical strength?’ Using the PRISMA protocol, three elec-

tronic databases (Google Scholar, Pub Med, and Science Direct) were searched using the specific keywords:

(plant fibers, natural fibers, and PMMA denture base resins) between 2014 and 2024. After evaluating the

papers against the inclusion criteria, only those that met all requirements were included in the study.

Additionally, all articles were screened for quality assessment, with particular attention to potential bias

arising from experimental design and methodological reporting.

Results: This review included eight experimental laboratory-based studies that met the inclusion criteria.

All studies had low risk of bias, except one, which had moderate risk of bias. The evaluation of reinforced

resins’ flexural strength was a noticeable trend observed in studies, with the maximum weight percentage

utilized in the studies being 10 wt%. While flexural strength was primarily assessed by the majority of stud-

ies, other mechanical properties - including hardness, impact strength, tensile strength, and compressive

strength — were also evaluated.

Conclusions: The analysis revealed that the flexural strength and surface hardness of PMMA denture res-

ins were significantly enhanced through the addition of plant fiber reinforcement. However, limited and

inconclusive data are present for other mechanical properties (impact, compressive, and tensile strength).

Extended experimental studies related to aging and various storage protocols, as well as clinical trials, are

essential to determine its clinical relevance and longevity.
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KEY MESSAGES

enhancing the resistance of the material to fracture and deformation.
obtained at lower weight percentages and with treated fibers.

the need for further investigations.

- The addition of plant fibers to polymethyl methacrylate (PMMA) denture base resins greatly improves their flexural strength and hardness,
- The reinforcing action of plant fibers is a function of fiber type, concentration, and surface treatment, with maximum improvements generally being

« Existing evidence for other mechanical properties, including impact, tensile, and compressive strength, is restricted and inconclusive, highlighting

Introduction

Polymers, an emerging and versatile class of biomaterials, have
been frequently employed in various practical applications in
the dental setting [1, 2]. Among polymers, polymethyl meth-
acrylate (PMMA) has received remarkable attention and wide-
spread use across various dental settings including dental
laboratories (for the fabrication of post-treatment dental retain-
ers and prosthesis and for repairing or reconstructing them as
well), dental practice (for refurbishing dentures and temporary
restorations), and the commercial sector (designing and manu-
facturing artificial teeth) [3]. PMMA is primarily employed for
constructing dental prostheses due to several advantages,
including affordability, biocompatibility, convenient and
straightforward processing, stability in the oral cavity, and
esthetically pleasing results. Despite these benefits, its poor
mechanical and physical properties render it unsuitable for
being regarded as an ideal denture base material [4]. However,
ongoing research aims to improve their mechanical properties
and address limitations like microbial colonization [5]. Numerous
studies have been conducted to overcome these limitations by
using various curing techniques or by incorporating different
fillers, chemicals, and fibers in their composition [6-8]. The
flexural, impact, and fatigue resistance of acrylic resin have all
been improved using various fibers reinforcements. Until now, a
variety of fibers, including nylon, polyethylene, polyamide fiber,
and glass fibers, have been integrated with PMMA to strengthen
its physico-mechanical properties [9, 10].

Scientists have also investigated various natural fibers due to
their several benefits, including renewability, biodegradability,
low cost, good strength-to-weight ratio, reduced density per
unit volume, corrosion-resistance, and sustainable weight-
specific strength [5, 11-13]. In contrast to synthetic fibers,
natural fibers are cheaper and frequently available and less
hazardous in relation to human health and the environment.
Natural fibers are obtained from a diverse range of plant and
animal sources [4]. Animal-sourced fibers are wool, silk, and
feathers from chickens [14]. Plant fibers include sisal (Agave
sisalana), hemp (Cannabis sativa), bamboo, coir (the husk of a
coconut), flax (Linum usitatissimum), kenaf (Hibiscus cannabinus),
jute, ramie, oil palm, pineapple, banana, and cotton [14, 15].
Since ancient times, people have used herbs and plants to treat
a various range of illnesses. Their therapeutic and medicinal
value in preventing and treating various pathologies has been
established. Plant fibers have demonstrated various biological
and medicinal benefits, particularly byproducts obtained from
plants. They can provide anti-microbial, fungal-resistant,
analgesic, anti-inflammatory, regenerative, and anti-tumor

properties [16]. Consequently, plant fibers have been
incorporated in a variety of dental biomaterials such as denture
bases [17], dental implants [18], restorative materials [19], and
mouthwashes [20]. They have also been utilized for tissue
engineering, including stem cell studies [21]. Plant fibers
have demonstrated a significant antimicrobial effect against
periodontal pathogens and cariogenic bacteria [22, 23].
Plant extract can also enhance the anti-microbial and
mechanical strength of dental implants, and also achieve
chemical stability and biocompatibility [24]. Plant fiber-
incorporated scaffold can enhance osteodifferentiation and
mineralization of human dental stem cells (hDPSCs), which
makes it a favorable candidate to be used in bone tissue
engineering. [21]. Plant fibers have demonstrated anti-
carcinogenic effect, enamel remineralization, angiogenesis,
odontogenic differentiation effects [25-30] and wound
healing properties [31-33].

Research has shown that the incorporation of plant fibers in
denture base resins decreases their thermal conductivity and
increases water sorption and water solubility [34]. Increased
water sorption and solubility accelerate the biodegradation
process of plant fibers [35]. Chemical treatments such as alkali
treatment, silanization, and acetylation have been shown to
remove unstableamorphous components, reduce hydrophilicity,
and create a more durable interface within polymer composites
[35, 36]. Plant fibers have also been used as a plasticizer in place of
dibutyl phthalate due to its non-cytotoxicity and a lack of ester
leaching[37]. Antimicrobial capability of plantfibersincorporatedin
PMMA denture resins has been evaluated, and it has shown a
promising effect against Candida albicans, which is mainly
responsible for denture-associated fungal infections [38-40].

The rationale behind employing plant fibers as reinforcers in
PMMA is due to the fact that PMMA has mechanical weaknesses,
which include low flexural strength and a lack of impact
resistance. Plant fibers are also an excellent solution to the
problem, being both sustainable and economical, with a high
strength/weight ratio, and increased biocompatibility. Moreover,
they can enhance such important mechanical characteristics as
flexural strength and surface hardness. This method will not
only help to reduce the failure that dentures are known to cause,
but it will also capitalize on the ecological and the possible
treatment advantages of natural materials. Until now, there is no
systematic review that hasanalysed the outcome of incorporating
plant fibers in PMMA denture resin and their impact on the
mechanical properties of PMMA. Therefore, this systematic
review aimed to explore the impact of plant fiber integration on
the mechanical properties of PMMA denture base resins.



Materials and methods
Research question

Using the PICO model (Participants, Intervention, Control, and
Outcomes), as outlined in the PRISMA guidelines, the subse-
quent research question was developed: ‘Does incorporating
plant fibers in PMMA denture resins improve their mechanical
strength?’[41].

Search strategy

Google Scholar, PubMed, and Science Direct databases were last
searched on August 20, 2024. Journals related to dentistry and
material science were examined electronically, and data were
collected for a more comprehensive analysis.

Inclusion criteria

The study includes full-text English-language articles published
between 2014 and 2024 that addressed enhancing the mechan-
ical properties of PMMA denture resin using natural fibers.
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Exclusion criteria

The study excluded articles that did not concentrate on using
plant fibers to enhance the mechanical characteristics of PMMA
denture resins. Articles published before 2014, written in
non-English languages, or lacking full text, as well as reviews,
meta-analyses, editorial letters, and ongoing research, were
excluded.

Literature search

A systematic search was conducted using well-known electronic
resources, including ScienceDirect, Google Scholar, and
PubMed, by two investigators (MAK and NM). Keywords ‘(PMMA
denture resins) AND (properties) AND (fibers)’ were used for
PubMed, ‘PMMA denture resins AND properties AND fibers’ for
Science Direct, and ‘natural fibers and PMMA AND mechanical
properties’ for Google Scholar, to retrieve the relevant articles.
For this systematic review, only English-language studies pub-
lished in the recent 10 years (2014-2024) were included, high-
lighted, and selected by two other researchers (SMM and BS).
Furthermore, with the assistance of another pair of investigators

Google Scholar (n= 33)
PubMed (n= 5)
Science Direct (n= 4)
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Figure 1. PRISMA flow diagram summarizing the study selection process for this systematic review.
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(MKHU and MSZ), the reference list of articles was cross-checked.
A total of 42 articles were screened initially. A total of 34 publica-
tions were excluded from the study; eight were rejected solely on
the basis of their abstracts, and the remaining 26 were removed
after reading the entire text. Figure 1 presents the detailed
PRISMA flow chart indicating the process of identification,
selection, screening, inclusion and exclusion of the research
articles.

Risk of bias

Two independent reviewers assessed the methodological qual-
ity of each included study using a modified risk-of-bias frame-
work adapted from previously published systematic analyses for
experimental laboratory [42, 43]. Method of sample prepara-
tion, sample count, random allocation, sample concealment,
sample power calculation, operator blinding, International
Organization for Standardization/American Dental Association
standardized protocols, and experimental outcome were used
as the basis for the guidelines used to evaluate the potential of
bias. The criteria were given a score of ‘0’ if it was written clearly
in the study. A score of ‘1" was assigned if the necessary informa-
tion was ambiguous or unclear, while a score of 2’ was given if a
particular strategy was kept undisclosed. The study was consid-
ered to have a low tendency of bias if it had a score of 0-4, a
moderate likelihood of bias if it received a score of 5-9, and a
high potential of bias if it received a score of 10-14.

Results
General characteristics

All eight studies included in this review were experimental in
vitro studies aiming to examine and evaluate the mechanical
strength of denture base resins after incorporating different
plant fibers. Mechanical properties such as flexural strength,
impact strength, and transverse strength were observed with
respect to denture base resin after incorporating plant fibers
into denture base resins. Various plant fibers derived from
Hibiscus sabdariffa [17], banana [44], siwak [45], bamboo [45],
sisal [46], and nano fibers derived from wood [47] and nanocel-
lulose crystals (NCC) derived from bamboo fibers [48] were
incorporated in denture base resins.

Outcomes

Plant fibers extracted from Hibiscus sabdariffa incorporated in
denture base resins resulted in enhanced flexural and impact
strength as opposed to conventional acrylic denture base resins.
Thus, denture resins reinforced with 7.5 wt% fibers revealed the
maximum flexural strength (101.20 + 3.65 MPa), followed by a
fiber content of 10 wt% (88.67 + 13.75 MPa), unreinforced (83.55
+ 0.62 MPa), 5 wt% (75.58 + 3.68 MPa), and, finally, a fiber con-
tent of 2.5 wt% (68.84 + 4.29) MPa [17]. Incorporation of sisal
fibers with monomers in repairing denture base resins resulted
in improved transverse strength of the acrylic denture base

resins, as contrasted to those which were treated either only
with sisal fibers or monomers [46]. Fibers extracted from washed
and unwashed peels of banana incorporated in acrylic denture
base resins showed enhanced flexural strength, tensile strength,
impact strength, fracture toughness, and surface hardness of
fiber-incorporated acrylic denture base resins as compared to
traditional acrylic denture base resins [44]. Fibers reinforced at
values of 5 and 10% improved mechanical properties compared
to fibers reinforced at values of 15 and 20% [44]. An experimen-
tal study was conducted to evaluate the outcome of changing
content and length of fibers (bamboo, miswak) on the
mechanical properties of denture base [45]. The study found an
increase in compressive strength when the content of fibers was
increased, but a decrease in impact strength. In contrast,
increasing the length of fibers, improved strength while com-
pressive strength was decreased [45]. PMMA denture base
material integrated with cellulose nanofibers (CNF) extracted
from wood fibers exhibited significantly higher flexural strength
in specimens reinforced with CNF, compared to pure PMMA,
with the highest value achieved at a CNF concentration of 23%
wt [49]. The incorporation of microcrystalline cellulose (MCC)
derived from wood or cotton into acrylic denture base resins
resulted in improved flexural strength, surface hardness, and
surface roughness [50], with the highest flexural strength
observed at a concentration of 5 wt% [47]. NCC derived from
bamboo fiber resulted in significant increase in flexural strength
when incorporated into denture base resins, compared to con-
ventional PMMA, with the highest value achieved at a 0.5% wt.
concentration [48]. Table 1 summarizes the included in vitro
experimental studies that have attempted to improve the
mechanical characteristics of PMMA by incorporating plant fib-
ers as per PICO guidelines.

Quality assessment

Seven of the included studies showed a minimum tendency
towards bias, while only a single article was found to have mod-
erate potential for bias. No article gave precise details about the
blinding of the operator. Only one article mentioned a sample
power calculation [48]. Two articles did not mention or give pre-
cise information on the sample count [44, 45]. All the studies
mentioned the method of sample preparation, the random allo-
cation of samples, standardized testing protocols, and experi-
mental findings, respectively. Table 2 shows the risk of bias
findings for all studies considered part of the systematic review.

Discussion

To conduct this systematic review, the following research ques-
tion was developed following the PRISMA protocol: Does incor-
porating plant fibers in PMMA denture resins improve their
mechanical strength? Keywords with Boolean operators were
formulated, and three databases — PubMed, ScienceDirect, and
Google Scholar — were screened for relevant articles. A total of
42 articles were retrieved from these databases; only eight met
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Table 2. Risk of bias tool adopted from Sarkis et al. [42, 43]

Reference Method of Sample count Random Sample power Standardized Blinding of Experimental Risk of bias
sample allocation of calculation testing operator findings
preparation sample protocols

Okeke et al. [17] 0 0 0 2 0 1 0 Low
Maharani et al. [46] 0 0 0 2 0 1 0 Low
Khalil [44] 0 2 0 2 0 1 0 Moderate
Oleiwi et al. [45] 0 1 0 2 0 1 0 Low
Kawaguchi et al. [49] 0 0 0 2 0 1 0 Low
Zaidan and Jassim [50] 0 0 0 2 0 1 0 Low
Krishnasuthan et al. [47] 0 0 0 2 0 1 0 Low
Aupaphong et al. [48] 0 0 0 0 0 1 0 Low

resins, as contrasted to those which were treated either only
with sisal fibers or monomers [46]. Fibers extracted from washed
and unwashed peels of banana incorporated in acrylic denture
base resins showed enhanced flexural strength, tensile strength,
impact strength, fracture toughness, and surface hardness of
fiber-incorporated acrylic denture base resins as compared to
traditional acrylic denture base resins [44]. Fibers reinforced at
values of 5 and 10% improved mechanical properties compared
to fibers reinforced at values of 15 and 20% [44]. An experimen-
tal study was conducted to evaluate the outcome of changing
content and length of fibers (bamboo, miswak) on the
mechanical properties of denture base [45]. The study found an
increase in compressive strength when the content of fibers was
increased, but a decrease in impact strength. In contrast,
increasing the length of fibers, improved strength while com-
pressive strength was decreased [45]. PMMA denture base
material integrated with cellulose nanofibers (CNF) extracted
from wood fibers exhibited significantly higher flexural strength
in specimens reinforced with CNF, compared to pure PMMA,
with the highest value achieved at a CNF concentration of 23%
wt [49]. The incorporation of microcrystalline cellulose (MCC)
derived from wood or cotton into acrylic denture base resins
resulted in improved flexural strength, surface hardness, and
surface roughness [50], with the highest flexural strength
observed at a concentration of 5 wt% [47]. NCC derived from
bamboo fiber resulted in significant increase in flexural strength
when incorporated into denture base resins, compared to con-
ventional PMMA, with the highest value achieved at a 0.5% wt.
concentration [48]. Table 1 summarizes the included in vitro
experimental studies that have attempted to improve the
mechanical characteristics of PMMA by incorporating plant fib-
ers as per PICO guidelines.

Quality assessment

Seven of the included studies showed a minimum tendency
towards bias, while only a single article was found to have mod-
erate potential for bias. No article gave precise details about the
blinding of the operator. Only one article mentioned a sample
power calculation [48]. Two articles did not mention or give pre-
cise information on the sample count [44, 45]. All the studies
mentioned the method of sample preparation, the random allo-
cation of samples, standardized testing protocols, and

experimental findings, respectively. Table 2 shows the risk of
bias findings for all studies considered part of the systematic
review.

Discussion

To conduct this systematic review, the following research ques-
tion was developed following the PRISMA protocol: Does incor-
porating plant fibers in PMMA denture resins improve their
mechanical strength? Keywords with Boolean operators were
formulated, and three databases — PubMed, ScienceDirect, and
Google Scholar — were screened for relevant articles. A total of
42 articles were retrieved from these databases; only eight met
the inclusion criteria and were included in the study. In addition,
a comprehensive risk of bias evaluation was performed for all
selected studies to assess potential bias arising from experimen-
tal design and methodological reporting. All studies presented a
low risk of bias except one, which showed a moderate risk, and
none showed a high risk of bias. Studies showed a clear trend in
evaluating the flexural strength of reinforced resins. In this
review, only a few studies surface-treated the fibers before
incorporating them into denture resin, demonstrating a signifi-
cant impact on the material’s qualities, as the treated fibers
yielded superior results in resin than the untreated ones. Our
analysis showed that the flexural strength and surface hardness
of denture resins can be significantly increased by adding natu-
ral fiber reinforcement. Still, the data was inconclusive for the
other mechanical properties (impact, tensile, and compressive
strength).

Johnston et al. [51], in their study reported that impact
pressures and flexural fatigue are the two primary causes of 68%
of resin-based dentures fracturing after a few years of use.
Flexural fatigue occurs when a denture base resin is repeatedly
loaded and flexed, leading to structural failure due to the
formation of microcracks at points of high concentration. These
microcracks gradually merge over time, eventually leading to
fracture [51]. Impact failure is caused by an unexpected drop or
decisive blow or impact to the denture outside the mouth [51].
While impact failure accounts for 80% of fractures in mandibular
dentures, fatigue and effects together account for most of the
fractures in maxillary dentures [52, 53]. So, the ability of the
denture-based material to sustain multidirectional and complex
masticatory or accidental forces is deemed a prime requirement,



and the denture base’s clinical lifespan is mainly dependent on
its mechanical characteristics. Therefore, to overcome this
clinical setback or failure, various methods have been utilized,
and the reinforcing PMMA resins with natural fibers to improve
their mechanical characteristics is an approach that has
received substantial attention due to the fiber's enhanced
biocompatibility, renewability, and biodegradability [54, 55].
This review is the first to systematically evaluate the mechanical
effect of fiber incorporation in denture resins by thoroughly
assessing all related papers.

In the quality assessment of the included experimental
studies, all but one was judged to have a low risk of bias.
Confounding and measurement biases were observed across all
studies since the samples were examined without the operator
being blinded. Except for one study [48], no study quoted the
sample power calculation. Other parameters of the quality
assessment, including testing standards, sample fabrication
technique, sample dimensions, sample randomization, and
study findings, were all mentioned. Moreover, the low risk of
bias indicates that a study’s methodology has minimal error or
flaws, and that the findings can be considered reliable ; hence,
the conclusions drawn in this review can also be considered
credible and valid.

The foundation for strengthening PMMA by incorporating
fibers rests on the theory that shear forces at the polymer-fiber
interface enable the polymer matrix to effectively transmit an
externally applied force to the fibers [56]. Hence, the main force-
bearing components are the fibers used as reinforcing agents
and encircled by a continuous phase of the matrix that retains
them in place [56]. For this reason, fibers are required to be stiff
toyield a noticeable strengthening effect on PMMA's mechanical
characteristics. Additionally, a satisfactory bond between the
polymer matrix and fiber is crucial for the effective transfer of
forces [57]. That is why fibers treated with coupling agents have
the potential to have better interface bonding with the matrix
and, hence, produce better clinical results. Two of the eight
experimental studies included in our review, that incorporated
treated plant fibers were conducted by Zaidan et al. [50], and
Oleiwi et al. [45]. In the study of Zaidan et al. the MCC was
treated with silane before it was added to the PMMA resins,
whereas in the study by Oleiwi et al. and the bamboo and siwak
fibers used for resin reinforcement were treating them alkaline
solution of sodium hydroxide (NaOH).Both studies demonstrated
improved mechanical properties when using these treated
fibers. However, the results cannot be directly compared with
other studies that used untreated fibers, as those studies
used different fiber contents, concentrations, and lengths.
Additionally, variations in methodologies and testing durations
further complicate the comparison.

Clinically, midline fracture of the denture base is the most
frequent fracture associated with PMMA-based resin, as Darbar
et al,, reported that midline fractures account for about 29% of
all denture repair cases [57]. Therefore, evaluating the resin’s
flexural strength is highly relevant, as this shows how well
the resin can withstand fracture in reaction to bending
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forces. Five of the included studies conducted a bending test
(3-point bending test) using a universal testing machine to
measure the flexural strength of reinforced resins, reflecting
methodological consistency across the studies. All included
studies found that the reinforced PMMA showed significantly
increased flexural strength as compared to control samples.
Also, data demonstrated that the flexural strength of the
reinforced resins increases with increasing fiber content;
however, the concentration showed a threshold effect on the
flexural strength. Once a concentration reached a certain
threshold, further increases in fiber content did not enhance the
strength. Aupaphong et al. [48], incorporated NCC in PMMA at
four different concentrations, which were 0.25, 0.5, 1, and 2%.
Findings revealed that the PMMA resins’ flexural strength
increased with fiber concentration up to 1% and then declined
at 2%. Krishnasuthan et al. [47], in their study, also utilized two
weight concentrations (5 and 10%) of MCC in PMMA resins and
noted that 5% showed higher flexural strength than dig 10%. In
their in vitro study Maharani et al. [46], incorporated sisal fibers
during denture repair and assessed its flexural strength, and
reported that the flexural strength of the restored dentures was
enhanced by the addition of fibers.

Only three studies evaluated the impact strength of PMMA,
and all three utilized Charpy’s impact testing device [17, 45, 50].
Two of these studies demonstrated that increasing the fiber
concentration can effectively enhance the PMMA impact
strength [17, 45]. On the other hand, one study [45], which
determined theimpact strength using various concentrations
and lengths of natural fibers (siwak and bamboo), reported
that the impact strength of the resins improved with longer
fiber lengths but declined as the fiber weight concentration
increased. This result contrasts with the results of the other
two studies. The same study also evaluated the compressive
strength of the reinforced resins, showing that it increased
with increasing fiber weight percentage. However, no other
studies assessed the compressive strength after
reinforcement.

Another critical mechanical characteristic that was assessed
by only two of the included studies was surface hardness [44].
Studies used a Shore D durometer to evaluate hardness. Zaidan
et al. [50] demonstrated that the reinforced resins (1 and 1.5%
MCC) exhibited greater surface hardness compared to the
control. Khalil et al. [44] also evaluated the surface hardness of
resins reinforced with washed and unwashed banana peel at 5,
10, 15, and 20%. The 10 wt% group showed the highest surface
hardness, and washed banana peel yielded better results than
unwashed peel. This study also investigated the tensile strength
and found that the addition of fiber reduced the acrylic resin’s
tensile strength.

Almost all the included studies followed the same
methodology, which makes the results comparable. Collectively,
the evidence indicates that plant fiber-reinforced PMMA
exhibits superior flexural strength and surface hardness
compared to conventional PMMA. Notably, among all the
studies reviewed, the PMMA formulation incorporating Hibiscus
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sabdariffa fiber at 7.5 wt% demonstrated the highest flexural
strength , outperforming all other plant fiber-reinforced PMMA
compositions reported in the literature [17]. For surface
hardness, the PMMA reinforced with 10% washed banana fibers
demonstrated the highest hardness value, exceeding that of all
other fiber-reinforced formulations reported in the included
studies [44].

The main strength of this systematic review is that it is the
first review that has investigated the effect of reinforcing natural
plant fibers on the mechanical properties of PMMA, and all the
studies included in this review showed a very low risk of bias,
which made its results credible and comparable. The primary
limitation of this systematic review is that all eight studies
included used different types of plant fiber incorporated into
PMMA resin. This resulted in significant heterogeneity, as the
included studies varied greatly in terms of the type and source
of plant fibers, their particle size, concentration, and surface
treatment methods. Such material-related differences make
direct comparison challenging and may limit the ability to draw
uniform or generalized conclusions from the available evidence.
Additionally, a limitation of this study is that none of the studies
evaluated the properties of fiber-reinforced PMMA under a wet
storage regimen. The absence of testing in conditions that
mimic the humidity of the oral environment may compromise
the clinical relevance of the findings. It could lead to potential
misinterpretation of the materials” actual performance in vivo.
Considering these limitations, it is evident that very few studies
have explored the incorporation of natural plant-based fibers
into PMMA to enhance its mechanical performance. There is a
significant scarcity of long-term experimental studies and
clinical trials in this area. Consequently, it is essential to conduct
long-term experimental studies, especially under both dry and
wet storage conditions, as well as clinical trials, to more
accurately evaluate the performance and longevity of plant
fiber-reinforced PMMA in the oral cavity.

Conclusion

The integration of natural fibers into acrylic resin formulations sig-
nificantly improves both flexural strength and hardness. However,
the data were found insufficient and inconclusive for other
mechanical properties, including impact, compressive, and tensile
strength. Therefore, to further ascertain its clinical application and
longevity, long-term experimental studies involving aging and
varying storage regimes, as well as clinical trials, are required.

Acknowledgements

The authors acknowledge Dow University of Health Sciences
(DUHS).

Author contributions statement

Muhammad Khawaja Hammad Uddin (MKHU), Nazrah Mehar
(NM) and Muhammad Hassan Khoso (MHK): Conceptualization,

review and editing. Muhammad Khawaja Hammad Uddin
(MKHU), Muhammad Sohail Zafar (MSZ) and Muhammad Amber
Fareed (MAF): Research supervision and project administration.
Muhammad Ammar Khan (MAK) and Ayesha Akram (AA):
Methodology, writing original draft, visualization, investigation
and data

curation. Bilquees Saba (BS) and Syeda Maoona Mateen (SMM):
Review and editing, resources, validation. Muhammad Ammar
Khan (MAK), Muneeb Ahmed Lone (MAL) and Nazrah Mehar
(NM): Software, review editing, data curation.

Declarations
Funding

None.

Conflicts of interest/Competing interests

The authors declare that they have no conflict of interest.

Availability of data and material

The data will be made available as per requirement.

Code availability

Not applicable.

Ethics approval

Not applicable.

Consent to participate

Not applicable.

Consent for publication

Not applicable.

References

[1] Rokaya D, Srimaneepong V, Sapkota J, Qin J, Siraleartmukul K,
Siriwongrungson V. Polymeric materials and films in dentistry:
an overview. J Adv Res. 2018;14:25-34. https://doi.org/10.1016/j.
jare.2018.05.001

[2] Zafar MS. Prosthodontic applications of polymethyl methacry-
late (PMMA): an update. Polymers. 2020;12(10):2299. https://doi.
0rg/10.3390/polym 12102299

[3] Hassan M, Asghar M, Din SU, Zafar MS. Thermoset polymethac-
rylate-based materials for dental applications. In: Grumezescu V,
Grumezescu AM, editors. Materials for biomedical engineering.
Elsevier, Amsterdam, The Netherlands; 2019. p. 273-308.

[4] Gad MM, Fouda SM, Al-Harbi FA, Napankangas R, Raustia Al. PMMA
denture base material enhancement: a review of fiber, filler, and
nanofiller addition. Int J Nanomedicine. 2017;12:3801-12. https://
doi.org/10.2147/1JN.S130722


https://doi.org/10.1016/j.jare.2018.05.001
https://doi.org/10.1016/j.jare.2018.05.001
https://doi.org/10.3390/polym12102299
https://doi.org/10.3390/polym12102299
https://doi.org/10.2147/IJN.S130722
https://doi.org/10.2147/IJN.S130722

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Alqutaibi AY, Baik A, AlImuzaini SA, Farghal AE, Alnazzawi AA, Borzangy
S, et al. Polymeric denture base materials: a review. Polymers.
2023;15(15):3258. https://doi.org/10.3390/polym 15153258

Meng TR, Latta MA. Physical properties of four acrylic denture
base resins. J Contemp Dent Pract. 2005;6(4):93-100. https://doi.
org/10.5005/jcdp-6-4-93

Alla R, Raghavendra K, Vyas R, Konakanchi A. Conventional and
contemporary polymers for the fabrication of denture prosthesis:
part I-overview, composition and properties. Int J Appl Dent Sci.
2015;1(4):82-9.

Khan AA, Fareed MA, Alshehri AH, Aldegheishem A, Alharthi R,
Saadaldin SA, Zafar MS. Mechanical properties of the modified
denture base materials and polymerization methods: a systematic
review. Int J Mol Sci. 2022;23(10):5737. https://doi.org/10.3390/
ijms23105737

Alla RK, et al. Influence of fiber reinforcement on the properties of
denture base resins. J Biomater Nanobiotechnol. 2013;4(1):91-7.
https://doi.org/10.4236/jbnb.2013.41012

Tacir I, Kama J, Zortuk M, Eskimez S. Flexural properties of glass
fibre reinforced acrylic resin polymers. Aust Dent J. 2006;51(1):52-6.
https://doi.org/10.1111/j.1834-7819.2006.tb00401.x

Joshi SV, Drzal LT, Mohanty AK, Arora S. Are natural fiber compos-
ites environmentally superior to glass fiber reinforced composites?
Compos Part A Appl Sci Manufact. 2004;35(3):371-6. https://doi.
org/10.1016/j.compositesa.2003.09.016

Kalia S, Kaith B, Kaur I. Pretreatments of natural fibers and their
application as reinforcing material in polymer composites - a
review. Polym Eng Sci. 2009;49(7):1253-72. https://doi.org/10.1002/
pen.21328

Ticoalu A, Aravinthan T, Cardona F. A review of current develop-
ment in natural fiber composites for structural and infrastructure
applications. Proceedings of the 2010 Southern Region Engineering
Conference (SREC 2010) in Toowoomba, Australia on 11-12
November 2010.

John J, Ann Mani S, Palaniswamy K, Ramanathan A, Razak AA.
Flexural properties of poly (Methyl Methacrylate) resin reinforced with
oil palm empty fruit bunch fibers: a preliminary finding. J Prosthodont.
2015;24(3):233-8. https://doi.org/10.1111/jopr.12191

Namvar F, Jawaid M, Tanir PM, Mohamad R, Azizi S, Khodavandi A,
et al. Potential use of plant fibres and their composites for biomed-
ical applications. BioResources. 2014;9(3):5688-706. https://doi.
org/10.15376/biores.9.3.

Dhoum S, Ibenmoussa S, Sidqui M. An overview of the use of medic-
inal plants in regenerative dentistry. Open J Stomatol. 2023;13(1):
50-88. https://doi.org/10.4236/0jst.2023.131005

Okeke KN, Vahed A, Singh S. Improving the strength properties of
denture base acrylic resins using hibiscus sabdariffa natural fiber. J
Int Dent Med Res. 2018;11(1):248-54.

Zamora-Mendoza L, et al. Plant fibers as composite reinforcements
for biomedical applications. Bioengineering. 2023;10(7):804. https://
doi.org/10.3390/bioengineering10070804
Zamora-Mendoza L, et al. Antimicrobial
fibers. Molecules. 2022;27(22):7999.
molecules27227999

Buakaew W, et al. Evaluation of mouthwash containing Citrus hys-
trix DC., Moringa oleifera Lam. and Azadirachta indica A. Juss. leaf
extracts on dental plaque and gingivitis. Plants. 2021;10(6):1153.
https://doi.org/10.3390/plants10061153

Valizadeh N, Salehi R, Aghazadeh M, Alipour M, Sadeghzadeh H,
Mahkam M. Enhanced osteogenic differentiation and mineral-
ization of human dental pulp stem cells using Prunus amygdalus
amara (bitter almond) incorporated nanofibrous scaffold. J Mech
Behav Biomed Mater. 2023;142:105790. https://doi.org/10.1016/j.
jmbbm.2023.105790

Yang S-Y, Kang M-K. Surface characterization, antimicrobial activity,

properties of plant
https://doi.org/10.3390/

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

BIOMATERIAL INVESTIGATIONS IN DENTISTRY 196

and biocompatibility of autopolymerizing acrylic resins coated with
Reynoutria elliptica extract. Plants. 2020;9(10):1292. https://doi.
org/10.3390/plants9101292

Siddeeqgh S, Parida A, Jose M, Pai V. Estimation of antimicrobial prop-
erties of aqueous and alcoholic extracts of salvadora persica (miswak)
on oral microbial pathogens - an in vitro study. J Clin Diagn Res.
2016;10(9):Fc13-16. https://doi.org/10.7860/JCDR/2016/22213.8524
Yontar AK, Cevik S. Electrospray deposited plant-based polymer
nanocomposite coatings with enhanced antibacterial activity for
Ti-6Al-4V implants. Prog Organ Coat. 2024;186:107965. https://doi.
org/10.1016/j.porgcoat.2023.107965

Rad RM, Atila D, Akgiin EE, Evis Z, Keskin D, Tezcaner A. Evaluation of
human dental pulp stem cells behavior on a novel nanobiocompos-
ite scaffold prepared for regenerative endodontics. Mater Sci Eng C.
2019;100:928-48. https://doi.org/10.1016/j.msec.2019.03.022
Zhang TT, Guo HJ, Liu XJ, Chu JP, Zhou XD. Galla chinensis com-
pounds remineralize enamel caries lesions in a rat model. Caries Res.
2016;50(2):159-65. https://doi.org/10.1159/000445036
Sequeda-Castafiedal, etal.llexguayusaloes (Aquifoliaceae): Amazon
and Andean native plant. Pharmacologyonline. 2016;3:193-202.
Balakrishnan N, Subramanian AK, Eswaramoorthy R, Angappan M.
Remineralization potential of varying concentrations of two plant-
based extracts of Cocos nucifera on white spot lesions using SEM
and EDAX analysis: an in vitro study. J Int Soc Prevent Commun Dent.
2024;14(2):129-35. https://doi.org/10.4103/jispcd.jispcd_146_23
Ding Q, Gao J, Zheng J, Wang A, Jing S. Astragaloside IV attenuates
inflammatory injury and promotes odontoblastic differentiation in
lipopolysaccharide-stimulated MDPC-23 cells and rat pulpitis. J Oral
Pathol Med. 2019;48(10):951-8. https://doi.org/10.1111/jop.12926
ulakowski D, Leme-Kraus AA, Nam JW, McAlpine J, Chen SN, Pauli
GF, et al. Oligomeric proanthocyanidins released from dentin induce
regenerative dental pulp cell response. Acta Biomater. 2017;55:262—
70. https://doi.org/10.1016/j.actbio.2017.03.051

Zhao B, Zhang W, Xiong Y, Zhang Y, Zhang D, Xu X. Effects of rutin
on the oxidative stress, proliferation and osteogenic differentia-
tion of periodontal ligament stem cells in LPS-induced inflamma-
tory environment and the underlying mechanism. J Mol Histol.
2020;51(2):161-71. https://doi.org/10.1007/510735-020-09866-9
Paczkowska-Walendowska M, Ignacyk M, Miklaszewski A, Plech T,
Karpinski TM, Kwiatek J, et al. Electrospun nanofibers with pomegran-
ate peel extract as a new concept for treating oral infections. Materials.
2024;17(11):2558. https://doi.org/10.3390/ma17112558

Azam F, Ahmad F, Ahmad S, Zafar MS, Ulker Z. Synthesis and charac-
terization of natural fibers reinforced alginate hydrogel fibers loaded
with diclofenac sodium for wound dressings. Int J Biol Macromol.
2023;241:124623. https://doi.org/10.1016/j.ijbiomac.2023.124623
Hameed TM, Al-Dabbagh BM, Jasim RK. Effect of natural fibers on
some thermal and physical properties of denture base materials. J
Appl Sci Nanotechnol. 2022;2(3):64-77. https://doi.org/10.53293/
jasn.2022.4454.1110

Kamaruddin ZH, Jumaidin R, llyas RA, Selamat MZ, Alamjuri RH,
Yusof F. Influence of alkali treatment on the mechanical, thermal,
water absorption, and biodegradation properties of cymbopogan
citratus fiber-reinforced, thermoplastic cassava starch—-palm wax
composites. Polymers. 2022;14(14):2769. https://doi.org/10.3390/
polym14142769

Das PP, Manral A, Ahmad F, Sharma B, Chaudhary V, Gupta S, Gupta
P. Environmentally sustainable chemical treatment of plant fibers
for improved performance of polymeric composites. Polym Compos.
2022;43(10):7155-69. https://doi.org/10.1002/pc.26779

Zawawi NA, Ghani HA, Awang RAR, lbrahim NNIN. Cytotoxicity and
characterisation of polymethyl methacrylate denture base enhanced
with linseed oil (PMMA-L). J Health Transl Med. 2024;2024:302-10.
Mawlood ZS, Naji GA-H. Bergamot essential oil effect against
Candida Albicans activity on heat cure acrylic denture base. Indian


https://doi.org/10.3390/polym15153258
https://doi.org/10.5005/jcdp-6-4-93
https://doi.org/10.5005/jcdp-6-4-93
https://doi.org/10.3390/ijms23105737
https://doi.org/10.3390/ijms23105737
https://doi.org/10.4236/jbnb.2013.41012
https://doi.org/10.1111/j.1834-7819.2006.tb00401.x
https://doi.org/10.1016/j.compositesa.2003.09.016
https://doi.org/10.1016/j.compositesa.2003.09.016
https://doi.org/10.1002/pen.21328
https://doi.org/10.1002/pen.21328
https://doi.org/10.1111/jopr.12191
https://doi.org/10.15376/biores.9.3
https://doi.org/10.15376/biores.9.3
https://doi.org/10.4236/ojst.2023.131005
https://doi.org/10.3390/bioengineering10070804
https://doi.org/10.3390/bioengineering10070804
https://doi.org/10.3390/molecules27227999
https://doi.org/10.3390/molecules27227999
https://doi.org/10.3390/plants10061153
https://doi.org/10.1016/j.jmbbm.2023.105790
https://doi.org/10.1016/j.jmbbm.2023.105790
https://doi.org/10.3390/plants9101292
https://doi.org/10.3390/plants9101292
https://doi.org/10.7860/JCDR/2016/22213.8524
https://doi.org/10.1016/j.porgcoat.2023.107965
https://doi.org/10.1016/j.porgcoat.2023.107965
https://doi.org/10.1016/j.msec.2019.03.022
https://doi.org/10.1159/000445036
https://doi.org/10.4103/jispcd.jispcd_146_23
https://doi.org/10.1111/jop.12926
https://doi.org/10.1016/j.actbio.2017.03.051
https://doi.org/10.1007/s10735-020-09866-9
https://doi.org/10.3390/ma17112558
https://doi.org/10.1016/j.ijbiomac.2023.124623
https://doi.org/10.53293/jasn.2022.4454.1110
https://doi.org/10.53293/jasn.2022.4454.1110
https://doi.org/10.3390/polym14142769
https://doi.org/10.3390/polym14142769
https://doi.org/10.1002/pc.26779

197 M.K.H.UDDIN ET AL.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

J Forensic Med Toxicol. 2020;14(2):240.

Hamid SK, Al-Dubayan AH, Al-Awami H, Khan SQ, Gad M. In vitro
assessment of the antifungal effects of neem powder added to
polymethyl methacrylate denture base material. J Clin Exp Dent.
2019;11(2):170-8. https://doi.org/10.4317/jced.55458

El Magrahi HS, et al. Evaluation of antifungal activity of Miswak
(Salvadora persica) and toothpaste against oral cavity Candida
species. Mediterr J Pharm Pharm Sci. 2023;3(1):69-76.

Patel V, Sadiq MS, Najeeb S, Khurshid Z, Zafar MS, Heboyan A. Effects
of metformin on the bioactivity and osseointegration of dental
implants: a systematic review. J Taibah Univ Med Sci. 2023;18(1):196—
206. https://doi.org/10.1016/j.jtumed.2022.07.003

Aldegheishem A, AlDeeb M, Al-Ahdal K, Helmi M, Alsagob El.
Influence of reinforcing agents on the mechanical properties of
denture base resin: a systematic review. Polymers. 2021;13(18):3083.
https://doi.org/10.3390/polym13183083

Sarkis-Onofre R, Skupien JA, Cenci MS, Moraes RR, Pereira-CenciT.The
role of resin cement on bond strength of glass-fiber posts luted into
root canals: a systematic review and meta-analysis of in vitro studies.
Oper Dent. 2014;39(1):E31-44. https://doi.org/10.2341/13-070-LIT
Khalil B. Characterization and mechanical properties of heat curing
acrylic resin reinforced with banana peel fibres. 1st International
Conference on Laser Applications and Advanced Materials. Baghdad,
Irag, 16-18 December 2014. University of Technology, Baghdad
(conference proceedings published by the host institution).

Oleiwi JK, Salih SI, Fadhil HS. Study compression and impact prop-
erties of PMMA reinforced by natural fibers used in denture. Eng
Technol J. 2018;36(6A):652-55. https://doi.org/10.30684/etj.36.6A.9
Maharani AS, Kusuma HA, Wahyuningtyas E. Effect of sisal fiber
(Agavesisalana) and surface treatment on transverse strength
in acrylic resin denture base repair. Indonesian J Prosthodont.
2021;2(1):6-8. https://doi.org/10.46934/ijp.v2i1.14

Krishnasuthan S, Shyam Mohan A, Gnanavel A, Celin Joel C, Aarti
Rajambigai M. Effect of cellulose crystals on the flexural strength of
heat cure PMMA. J Prosthet Implant Dent. 2020;3(3):153-8.
Aupaphong V, Kraiwattanawong K, Thanathornwong B. Effects

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

of nanocrystal cellulose from bamboo on the flexural strength of
acrylic resin: in vitro. Dent J. 2022;10(7):129. https://doi.org/10.3390/
dj10070129

Kawaguchi T, Lassila LV, Baba H, Tashiro S, Hamanaka |, Takahashi Y,
Vallittu PK. Effect of cellulose nanofiber content on flexural prop-
erties of a model, thermoplastic, injection-molded, polymethyl
methacrylate denture base material. ) Mech Behav Biomed Mater.
2020;102:103513. https://doi.org/10.1016/j.jmbbm.2019.103513
Zaidan NM, Jassim RK. The impact of adding silanized microcrystal-
line cellulose on some properties of heat-cured acrylic denture base
material. J Res Med Dent Sci. 2022;10(8):11-18.

Kim S-H, Watts DC. The effect of reinforcement with woven E-glass
fibers on the impact strength of complete dentures fabricated with
high-impact acrylic resin. J Prosth Dent. 2004;91(3):274-80. https://
doi.org/10.1016/j.prosdent.2003.12.023

Agha H, Flinton R, Vaidyanathan T. Optimization of fracture resistance
and stiffness of heat-polymerized high impact acrylic resin with local-
ized E-Glass FiBER FORCE® reinforcement at different stress points. J
Prosthodont. 2016;25(8):647-55. https://doi.org/10.1111/jopr.12477
Smith D. The acrylic denture mechanical evaluation mid-line frac-
ture. Br Dent J. 1961;110:257-67.

Singha A, Thakur VK. Mechanical properties of natural fibre rein-
forced polymer composites. Bull Mater Sci. 2008;31:791-9. https://
doi.org/10.1007/512034-008-0126-x

Singha AS, Thakur VK. Fabrication of Hibiscus sabdariffa fibre rein-
forced polymer composites. Iranian Polym J. 2008;17:541-53. https://
doi.org/10.1177/096739110901700308

Singh K, Sharma SK, Negi P, Kumar M, Rajpurohit D, Khobre P.
Comparative evaluation of flexural strength of heat polymerised
denture base resins after reinforcement with glass fibres and nylon
fibres: an in vitro study. Adv Hum Biol. 2016;6(2):91-4. https://doi.
org/10.4103/2321-8568.190315

Dogan OM, Bolayir G, Keskin S, Dogan A, Bek B, Boztug A. The effect
of esthetic fibers on impact resistance of a conventional heat-cured
denture base resin. Dent Mater J. 2007;26(2):232-9. https://doi.
org/10.4012/dmj.26.232


https://doi.org/10.4317/jced.55458
https://doi.org/10.1016/j.jtumed.2022.07.003
https://doi.org/10.3390/polym13183083
https://doi.org/10.2341/13-070-LIT
https://doi.org/10.30684/etj.36.6A.9
https://doi.org/10.46934/ijp.v2i1.14
https://doi.org/10.3390/dj10070129
https://doi.org/10.3390/dj10070129
https://doi.org/10.1016/j.jmbbm.2019.103513
https://doi.org/10.1016/j.prosdent.2003.12.023
https://doi.org/10.1016/j.prosdent.2003.12.023
https://doi.org/10.1111/jopr.12477
https://doi.org/10.1007/s12034-008-0126-x
https://doi.org/10.1007/s12034-008-0126-x
https://doi.org/10.1177/096739110901700308
https://doi.org/10.1177/096739110901700308
https://doi.org/10.4103/2321-8568.190315
https://doi.org/10.4103/2321-8568.190315
https://doi.org/10.4012/dmj.26.232
https://doi.org/10.4012/dmj.26.232

