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A b s t r ac t
Aim and objective: To develop and analyze the mechanical properties of a silanized limpet radula as a bio-filler in an experimental composite
resin. The objective is to compare the compressive, tensile, and flexural strength of the experimental composite resin with bio-filler and the
Universal Hybrid Composite resin.
Materials and methods: Littoraria scabra species have been selected and used in the study. The tongue-like radula was extracted from the
buccal mass under an optical microscope. The radula was then subjected to SEM and EDX analysis. The experimental dental composite resin
with 2.5% of radula as silanized bio-filler was prepared based on previous studies and SEM analysis was done to verify the filler morphology. The
experimental composite resin was compared with the Universal Hybrid Composite resin. Based on ISO 4049, the samples were prepared and
15 samples from each group were then randomly subdivided into three subgroups to analyze the compressive, tensile, and flexural strength.
Results: Statistical analysis were conducted using the Shapiro-Wilk and an independent t-test. Compared to universal hybrid composite resin,
the experimental composite resin with the bio-filler had relatively high compressive, tensile, and flexural strength.
Conclusion: Within the limitations of the analysis, it can be concluded that the addition of 2.5% of silanized limpet radula as bio-filler in
experimental composite resin has improved mechanical properties than the Universal Hybrid Composite.
Clinical significance: The extreme mechanical properties shown by limpet radula can be used as a bio-filler to improve the mechanical properties
of composite resin.
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Introduction

1,3

Natural composite structures abound, and they’re seen in
mineralized tissue, where the protein-based polymer frameworks
being reinforced by stronger as well as firmer biomineral
phase. One of most prevalent iron oxides found naturally is
goethite biomineral. They’re particularly noticeable in limpets.
Gastropoda (Mollusca, Gastropoda) is a large genus of marine
herbivores known as Limpets.1,2
Limpet teeth or Limpet radula are indeed an example of a
biologically produced material that is designed to be strong. Recent
research has revealed that limpet teeth resemble an exceptionally
flawless form of organic composite structure, with a greater
aspect proportion of goethite nanofibers reinforcing a protein
matrix. Although calcium-based minerals are the most common,
biominerals such as iron and silica are also well-known. About 12%
of the ferric oxides in the formation of goethite (α-FeOOH) is found
in the major teeth.1,3
The mechanical characteristics of limpet teeth are not caused
by goethite alone. Instead, the observed mechanical properties are
due to the hierarchically organized biological composite structure
is responsible for the observed mechanical capabilities. In the
biogenesis of goethite crystals, the organic component is crucial.
Goethite crystals, in conjunction with crystalline hydrated silica
and the chitosan matrix, contribute to the exceptional mechanical
characteristics of limpet teeth. The structural design aspects related
to the enhanced mechanical capabilities are anticipated for the
future restorative materials with high strength and toughness.1,2
Littoraria, a genus of sea snails, is the most frequent species
found in South Tamil Nadu. These marine gastropod mollusks are

members of the Littorina family. Littoraria scabra, one of the species,
has been widely observed in coastal locations.
Worldwide, composite resins for dental restorations are
becoming increasingly popular. Despite extensive research into
the qualities and evolution of composite resin, fracture, as well as
marginal leakage due to the material’s compromised mechanical
properties, is presently the most frequent reason for failure in
posterior resin composite restorations. Mechanical property
enhancement is primarily determined by filler properties such as
size, morphology, and concentration. To improve the mechanical
qualities of dental composite resin, it has become necessary to
modify the filler particles used in the resin.4,5
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Radular Teeth as Bio-fillers
Although numerous alterations to filler morphology have been
made, a literature search did not find the inclusion of silanized
bio-fillers such as radula in dental composite resin.
Thus, the study aims to develop and analyze the mechanical
properties of a silanized limpet radula as a bio-filler in an
experimental composite resin. The objective of the analysis is
to compare the compressive, tensile, and flexural strength of
the experimental dental composite resin with bio-filler and the
Universal Hybrid Restorative Composite resin. The null hypothesis
of the study is that the addition of limpet radula as bio-filler in the
composite resin did not improve the bio-mechanical properties of
the composite resin.

The species Littoraria scabra was selected for the study. The
samples were located and the isolation of radula was done in
Marine biology, Annamalai University. Ethical clearance was
obtained to use the animal for experimental purpose (Ethical
clearance number: 18,120/835re)
A total of 350 Littoraria scabra species were selected for the
study. Before transfer to the laboratory, samples were preserved in
seawater. The limpets were then promptly cleaned under running
water in the research lab and sacrificed after preservation at -15°C.
The radula was isolated by removing the limpet from preservation
and letting it thaw for 3 hours. Each dissected animal’s radula
ribbon bearing limpet teeth was excised and washed in a 10%
KOH solution under an optical microscope. The dissected radula
was stored in 80% ethanol.

(TEGDMA). Additionally, Diketone as the photoinitiator and N,
N-dimethylaminoethyl methacrylate (DMAEMA) as a co-initiator
were also used in matrix preparation. All the ingredients were
purchased from Sigma-Aldrich, St. Louis, MO, USA.
In order to allow easier handling of the material, BisGMA was
put in a glass container and pre-heated to 500°C for 60 minutes.
To avoid accidental activation of the photoinitiator, the TEGDMA
monomer was then added and stored in amber glass bottles
(500 ml, Sigma-Aldrich). About 0.5% wt CQ and 0.5% wt DMAEMA
were then applied to the monomer mix using a magnetic stirrer
and mixed for 60 minutes (VELP, Scientifica, Italy). The prepared
mixed monomer was then packed in amber bottles and covered in
aluminium-foil. Using a digital scale (0.01 g readability), all pieces
were weighted (PERCISION Advanced, OHAUS, USA).
The reinforcing fillers were silanized Amorphous Silica 0.8%
(Evonic Industries, Essen, Germany), and silanized Aluminium
Silicate fillers 45–55% (Evonic Industries, Essen, Germany).
About 2.5% of the dissected radula stored in 80% ethanol solution
was used as fillers. The reinforcing fillers and the limpet radula were
compounded into a matrix in 50 ml glass Griffin form beakers at
room temperature. Using alkoxy terminated silanating agents, the
amorphous silica, aluminium silicate fillers, and the limpet radula
were silanated.
The above ingredients was sequentially weighed and taken
into a mortar and pestle. To obtain a composite mass, it was then
mixed manually and held in the oven at 40–50°C overnight. It
was then mixed again manually in the mortar for about an hour
after 24 hours of wetting at 40–50°C and kept back in the oven
at 40–50°C. This method was carried out for 5–7 days or until the
necessary consistency is obtained.8

Evaluation of Scanning Electron Microscope (SEM)

SEM Analysis

M at e r ia l

and

Methods

Sample Preparation

A total of 50 samples of radula were randomly selected for the SEM
and EDX analysis (Fig. 1 and 2). The shape and size of the species
were in accordance to where the previous analysis done by Hans
Heinricfe, J. Frances Allen, and Adrienne Mikovari.6,7

Experimental Composite Resin Preparation
The experimental composite resin was prepared based on the
technique previously described by Sihivahanan et al.
The monomer matrix consisted of bisphenol A glycidyl
methacrylate (bis-GMA) and triethylene glycol dimethacrylate

Fig. 1: SEM image of radula
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The experimental composite resin was then subjected to SEM
analysis to assess the distribution. About 1 gmm wt% of the
completely polymerized hardened composite resin was used
to assess the filler distribution. SEM analysis reveals a uniform
distribution of the bio-filler with an average particle size of
450 nm (Fig. 3).

Sample Grouping
The Experimental and Universal Hybrid composite resins (Table 1)
was divided into the following categories:

Fig. 2: EDX analysis of radula
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Fig. 3: SEM image of silanazied radula as filler particle
Table 1: Composition and percentage of filler in experimental, EverX,
and multicore flow composite resin
S.no

Material

Filler

1

Experimental
composite

Amorphous Silica: 10%
Aluminum Silicate: 45–55%
Limpet Radula: 2.5%
Size of fillers: Mean- 0.40µm

2

Universal Hybrid
Composite - Filtek
Z250 (3M ESPE)

Zirconia/silica: 78.00wt%
Size of fillers: Mean- 0.60 µm

Group I: Limpet radula as bio-fillers in experimental composite
resin (n = 15).
Group II: Filtek Z250 - Universal Hybrid Composite resin (n = 15).
15 samples from each group were sub-grouped as follows:
n = 5 for Compressive Test.
For the diametral tensile strength test, n = 5.
n = 5 for the Flexural Strength test.
The Universal Hybrid and experimental composite resin
were manipulated according to manufacturers’ instructions. The
specimen dimensions for the compressive, tensile, and flexural
strength were selected according to International Standards
Organization (ISO) 4049 norms. At the end of the 24-hour period,
all properties were measured.

Diametral Tensile Strength and Compressive Test
Teflon molds covered with polyethylene strips were used to
analyze the compressive and diametral tensile strength test (Fig. 4).
Five samples were taken from each group, comprising a total of
20 specimens (10 samples for the compressive test and 10 samples
for the diametral tensile test) with a diameter of 4 mm and a
height of 6 mm. By illumination on two surfaces of the sample for
40 seconds, photopolymerization was initiated. The samples were
then kept at room temperature to be placed in the molds. A vernier
calliper was used to determine the sample measurements. Each
group’s specimens were vertically positioned in between blotting
cellulosic fibres on the universal testing machine’s plates (Instron
Machine 3366, USA). The samples were subsequently loaded at
a rate of 0.5 mm/min across the cross-head. The fracture load in
Newtons (N) were measured after each compressive test, and the
tensile strength (t) (in MPa) were calculated as follows: σ t = 2F/ π
dh (d: diameter; h: height of specimens).

Fig. 4: Teflon mould for compressive strength and diametral
tensile strength

Flexural Strength
For the three-point flexural strength test, according to the
manufacturers’ instructions and ISO4049, 10 bar-shaped specimens
(5 from each group) with dimensions of 25 x 2 x 2 mm were
manufactured from each composite resin. The test was performed
to determine the flexural strength using a universal measuring
machine. At 0.1 mm/min, the crosshead speed was set. The
maximum fracture load (N) was registered for each specimen, and
the flexural strength was calculated in MPa as follows:
σ f = 3Fl/2bh (l: distance between the supporting rollers
(20 mm); b: width; h: height).

R e s u lts
The SEM analysis of the radula reveals that the radula possesses
one medial tooth accompanied by two lateral teeth. The mean
measurements of the tooth reveal a larger and wide lateral tooth
with a size of 0.1452 mm in length and 0.0857 mm in width. Wear
is seen on the teeth from the front extremity of the radula, such as
cracking, shattering, and rounding of sharp points, as seen in other
marine gastropods. The EDX analysis reveals that the limpet radula
contains a major portion of carbon, followed by calcium, oxygen,
copper, aluminum, carbon, magnesium, and silica.
For the mechanical parameters of the dental composite resin
materials, statistical analysis was performed, and the mean valve
was measured for each material, along with its standard deviation.
Data regarding compressive, tensile, and flexural strength were
entered into Microsoft Excel and analyzed using SPSS software.
Data were explored for normality using the Shapiro-Wilk test. An
independent t-test was used to compare compressive, tensile, and
flexural strength within two groups. The statistical significance is
determined at p < 0.05 (Tables 2–4) exhibit the compressive, tensile,
and flexural strength data, as well as the statistical analysis results.
The study’s results demonstrate that the experimental and the
Universal Hybrid Composite resin materials evaluated in this analysis
provide statistically significant results.
Table 2 illustrates the outcomes of the compressive test in Mpa.
The mean compressive strength of the experimental composite resin
is 325.07 Mpa. The Universal Hybrid Composite resin’s compressive
strength is 275.94 Mpa on mean. When compared to the Universal
Hybrid Composite Resin, the experimental composite resin with 2.5%
Limpet radula as bio-filler had a greater mean difference of 49.12 Mpa.
World Journal of Dentistry, Volume 13 Issue 3 (May–June 2022)
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Table 2: Compressive strength of experimental and conventional composite resin
95% confidence interval of the difference
Groups

n

Mean + SD

Group A

5

325.07 + 1.02

Group B

5

275.94 + 0.98

Lower bound

Upper bound

Mean
difference

df

t-value

p-value

47.65

50.59

49.12

8

77.261

0.000*

*Statistically significant (p ≤ 0.05)

Table 3: Diametral tensile strength of experimental and conventional composite resin
95% confidence interval of the difference
Groups

n

Mean + SD

Group A

5

48.05 + 0.89

Group B

5

27.43 + 0.83

Lower bound

Upper bound

Mean
difference

df

t-value

p-value

19.36

21.88

20.62

8

37.765

0.000*

*Statistically significant (p ≤ 0.05)

Table 4: Flexural strength of experimental and conventional composite resin
95% confidence interval of the difference
Groups

n

Mean + SD

Group A

5

128.68 + 0.50

Group B

5

94.90 + 0.67

Lower bound

Upper bound

Mean
difference

df

t-value

p-value

32. 91,400

34. 65,000

33.78

8

89.74

0.000*

*Statistically significant (p ≤ 0.05)

The mean and SD values of the Diametral Tensile Strength Test
in Mpa are shown in Table 3. The experimental composite resin had
a mean Diametral Tensile strength of 48.05 Mpa. Universal Hybrid
Composite resin had a mean compressive strength of 27.43 Mpa.
When compared to the Universal Hybrid Composite Resin, the
experimental composite resin with 2.5% Limpet radula as bio-filler
had a higher mean difference of 20.62 Mpa.
Table 4 shows the effects of the flexural strength test in Mpa.
The experimental composite resin had a mean flexural strength
of 128.68 Mpa. Universal Hybrid Composite resin had a mean
compressive strength of 94.90 Mpa. When compared to the Universal
Hybrid Composite Resin, the experimental composite resin with 2.5%
Limpet radula as bio-filler had a higher mean difference of 33.78 Mpa.
The current study’s findings show that the experimental
composite resin has better mechanical properties than the Universal
Hybrid composite resin.

Discussion
Direct rehabilitation of posterior teeth using composite resin is a
challenge in terms of providing the necessary mechanical, adhesive,
and wear resistance capabilities, as these are correlated with cracks,
secondary caries, marginal staining, and postoperative sensitivity.
Dental composite restorations that fracture is one of the most
common reasons for clinical failure.9,10
One of the requirements for the long-term clinical effectiveness
of composite resin restorations is their mechanical stability. Dental
restorations as well as unrestored teeth in the mouth are subjected to
numerous mechanical and chemical interactions due to mastication,
unrecognized grinding while sleeping, or gnashing. It is possible
for the material to crack or fracture when the mechanical loading
exceeds the material’s natural ability to resist occlusal forces.11
The amount of filler in the composite resin determines the
polymerization depth, color stability, toughness, compressive
strength, and rigidity of the final product. Though the filler size of
the particles and filler loading influence the mechanical properties of
204
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resin dental composites, filler morphology has the greatest impact on
the development of mechanical properties in dental composites12,9.
Although several new filler morphologies have been
investigated, no biologically available material has been used as a
filler in composite resin to date.
Limpet radula is a biologic membrane with the highest reported
material strength properties for biological material. Mineralized teeth,
either crystalline goethite, or silica, are seen on the limpet. It was
suggested that the mineral fiber length in limpet teeth be optimized
to provide maximum efficiency under mechanical loading.13
The biomechanical qualities of radular teeth and associated
structures can be crucial in determining how the radular apparatus’s
form and function are related. Tooth size and form have the greatest
impact on the mechanical properties of teeth.14
Hence, the purpose of the present study was to investigate
the influence of biomineralized and silanized limpet radula on
the mechanical properties of composite resins. The mechanical
properties evaluated were: compressive strength, Diametral Tensile
strength, and flexural strength.
All specimens were treated identically throughout this study,
which was based on American Dental Association (ADA) Specification
No. 27. Reference from Table 1 shows that the experimental composite
resin contains, the reinforcing fillers as Aluminium Silicate fillers
of 45–55 wt% with Amorphous Silica of 10 wt% (Evonic Industries,
Essen, Germany) and the 2.5% Radula. The fillers were silanized to
ensure maximum adaptability to the resin matrix.
The Universal Hybrid Composite resin-Filtek Z250 (3M ESPE) was
chosen as a comparative material since the filler type is identical
with the experimental composite resin material and the percentage
of fillers used is approximately similar, thus the selection of Filtek
Z250 as comparative material for the analysis is justified.
When compared to the Universal Hybrid Composite Resin,
the compressive strength, diametral tensile strength, and flexural
strength of the experimental composite resin with 2.5% Limpet
radula as bio-filler had a higher mean difference of 49.12 Mpa,
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20.62 Mpa, and 33.78 Mpa, respectively. Based on the results of the
present study, the experimental composite resin with 2.5% Limpet
radula as bio-filler has better mechanical properties when compared
with the universal composite resin.
As both the materials have similar silica filler particles, the
improved mechanical properties of the experimental composite
resin are hence due to the presence of limpet radula as bio-filler.

Biomineralization of Radula
The mechanical behavior of limpet teeth was studied by van der
Wal et al., who discovered that tooth hardness was determined by
the relative proportions of mineral and organic matter contained
in the tooth. Organic fibers may act as a structural framework and
act as a limitation on the spatial distribution of minerals during the
deposition process.15,3
Due to the high-volume fraction of mineral phase present in
limpet teeth, it is envisaged that the mechanical characteristics
of the reinforcing mineral will be dominant in the stress-strain
response of the teeth.1,16
J.A. Shaw et al. conducted an in-depth investigation of
limpet radula and discovered that the primary mineral generated
is magnetite (Fe3O4), while the tooth core is filled with either
apatitic calcium phosphate or limonite. Mineralization occurs on
the tooth with ferric oxide goethite (a-FeOOH), as well as silica
as hydrated amorphous opal (SiO2.nH2O) and calcium. Several
studies, including those conducted by Mann et al., Liddiard et al.,
Jones et al., Lowenstam, Runham et al., Grime et al., and Mann et al.,
have revealed that the radula contains up to 12% ferric oxide in the
form of goethite (FeOOH), 7–16% silica. Once the mineralization
framework is established and calcified, the initial flexibility of the
radula changes to a more rigid structure.3,15,17
Based on previous studies, it can be seen that the limpet radula
has an array of mineral deposits. The unique inorganic biominerals
and the organic nanofibers of the limpet radula give the outstanding
mechanical characteristics of the experimental composite resin.

Filtek Z250 Analysis
Compared to the experimental composite resin with limpet
radula as bio filler, the Filtek Z250 showed inferior mechanical
properties. The current study’s findings agreed with those of a prior
study conducted by Rakhee Ramdas et al. In their investigation,
the inclusion of prepolymerized particles caused a decline in
mechanical characteristics. This was due to microcracking present
in some nanoparticles introduced during impregnation methods,
resulting in inbuilt defects. According to Irina Nica et al. the Filtek
Z250 has a little plastic deformation, which aligns with the fact
that this material has the lowest elastic modulus value and the
biggest specific deformation. As a result, the materials’ mechanical
characteristics were reduced. Ioana-Codru ta Mirica et al. found that
increasing the filler content decreased the mechanical properties
of the composites due to a decrease in the particle-matrix adhesion
strength. The above-mentioned reasons could be the contributing
factors to the lower performance of the Filtek Z250.18,19,20
The present study compared the modified filler morphology of
an experimental composite resin with an unmodified, commercially
available composite resin. Although the silica filler morphology and
the percentage of silica filler used are similar between the materials
compared, the addition of silanized bio-filler gave improved results.
Hence, the null hypothesis of the study was rejected, as the addition
of limpet radula as bio-filler in the composite resin improved the
mechanical properties of the composite resin.

Further studies on physical properties and biological properties
need to be done to evaluate the effects of limpet radula as a
bio-filler in composite resin. Also, studies can be conducted on
incorporating the limpet radula into various other restorative
materials to improve their properties.

Limitations
Approximately 2.5% of the limpet radula was used as a bio-filler in
the current investigation. The findings can also vary depending on
whether the percentage was increased or decreased. Optical qualities
were not investigated in this work since the limpet radula has a higher
iron concentration, which can influence the color of the composite.
Only one type of composite resin was used in the comparative group;
more research should be conducted by evaluating various types of
filler morphology included composite resin.

C o n c lu s i o n
Within the limitations of the study, it can be concluded that
the limpet radula as bio-mineralized structure can be silanized
and added as filler in composite resin. The addition of 2.5% of
silanized limpet radula as bio-filler in experimental composite
resin has improved mechanical properties than the Universal
Hybrid Composite. The Limpet radula can be a viable alternative in
improving the mechanical properties of dental restorative materials.
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