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Today, oral disorders are the most prominent and common issues in the world. Investigations reveal
oral disorders comprising of gum disease, tooth decay, mouth sores, tooth erosion, tooth sensitivity, tooth-
aches, and dental emergencies. Further, in-depth study identifies improper bonding between denture base
and denture teeth ending up with costly repair along with mouth sores. This effect is observed from middle
age (35 years) to old age (< 80 years) people in the world. Approximately one-third of the population is suf-
fering because of untreated caries of natural teeth (31.2 %). The optimal composition of PMMA as denture
base and denture teeth in clinical trials with observation and experimental methodology is yet to be un-
leashed. An alternative material for denture base or denture teeth is still an unanswered question. Selec-
tion of appropriate reinforcement material encompassing the guidelines for liquid/powder ratio, avoids pro-
cesses terrible for bond strength, the wax free model. The current work focuses on investigation of mechan-
ical properties with/without the reinforcement of a new biomaterial known as limpet teeth (LT). LT is
abundantly available in the seashore or intertidal regions. Application of LT in dentistry or as a denture
base material is unperceived. A comparative analysis of coupons with/without the reinforcement (in the
form of a short/continuous fiber) of LT in PMMA is carried out. The simulation work correlates with exper-
imental work exploring the possibilities of a new material in the field of dentistry. The observed results for
mechanical properties such as flexural strength (106 %), microhardness (116 %) and impact strength

(125 %) are better in comparison to base PMMA material.
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1. INTRODUCTION

Fatigue life and failure of denture teeth and den-
ture base materials have not yielded any fruitful re-
sults to dental community [1, 2]. PMMA as a denture
base and denture teeth is characterized by early stain-
ing, noise during the mastication process, low impact
strength, shelf life, unpredictability and inconsistency
[3]. Till date, there have been no such attempts to
achieve an optimal condition of PMMA for denture
base, denture teeth, clinical trials and process method-
ology. Fiber-based reinforcement was tried with glass
fiber [4-9], silanized glass fiber [10-12], aramid [13, 14],
polyethylene [15, 16], polypropylene [17], OPEFB [18],
vegetable fiber [19] in holding matrix PMMA to know
the mechanical properties, such as flexural strength,
microhardness and impact strength. Since ancient
days, biomaterial has been used in human body for the
betterment. To this, the latest entrant is limpet teeth
(LT). Limpets are known for many reasons, they are
the most primitive molluscan class of the total mollus-
can diversity known. Most limpets live on rock and feed
on algae. These animals feed on algae with their rib-
bon-like tongue, which has rows of teeth like a struc-
ture called radula, as shown in Fig. 1. Limpets move in
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a wave-like motion with the help of muscles present in
their foot. Some predators in the intertidal zone, such
as shorebirds, fish, and sometimes humans prey on
limpets. Most limpets disperse their eggs and sperm
once a year, usually during the winter season. Larvae
float in the sea for about a couple of weeks before set-
tling on a hard substrate [20, 21]. Researchers consider
LT as a new biomaterial for dentistry [22] in a denture
base. It is quite possible that in the coming days it will
replace many other materials with various domains.
Simulation using J-OCTA, ANSYS and many other
tools makes life easier for researchers [23, 24].
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Fig. 1 — Limpet teeth extraction procedure
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The molluscan radula is a unique characteristic and
is found in all groups of molluscs, except bivalves [25].
Radula’s mechanical properties are mostly affected by
the size, form, material of the teeth, nutritive material
properties as well as the reactions between teeth and
nutrition which determine the need of each species for
a special radula [26].

Gastropods were collected during the low tide
Species were identified

Then individuals were fixed in 70% alcohol

=

Removed animal from shell

=

Small cut was made on the dorsal surface of the animal to expose the radula

=

The separated radula was washed or cleaned to remove adhering tissue.
Radula washed in D/W
Dehydrated by using a series of aleohol grades (10, 30, 50, 70, 90, & 95%)

Prepare permanent slide.
Fig. 2 — Methodology of the work

The standard formula of the radula is as follows:
M+L+R+L+M. Each row of the radula has one
central or middle tooth (R), a few lateral teeth (L) on
each side and then beyond that a few marginal teeth
(M) as highlighted in Fig. 1. Different species may have
different lateral teeth, and there are many marginal
teeth that are too many to count (in our selected spe-
cies, there are no marginal teeth).

In the case of our selected species, we observed a
long radula, about three times the length of the animal.
One minimal spear-shaped rachidian tooth is observed
in the group. Here, the radula is of the Docoglossan
type and the formulais1+D+1+1+1+D+ 1.

To separate the radula from the animal, an individ-
ual sample of the gastropod mollusc separated from the
shell, a small cut was made on the dorsal surface of the
head until the radula was exposed [27] as shown in
Fig. 2. Then, the dissection was done till the end of the
snout, and along with the tongue-like odontophore was
detached from the muscle fibers attached to it [28]. The
separated radula was washed or cleaned in dilute acid-
ic medium with a soft brush to remove adhering tissue.
The radula was then washed by fresh distilled water
and dehydrated by using a series of alcohol grades (10,
30, 50, 70, 90, 95 %) to prepare further experiments [29].

2. MATERIAL AND METHODOLOGY

Bioline reagents is a manufacturer of molecular biol-
ogy products for the life sciences industry and research
markets. It has applications in many areas such as med-
icine, biotechnology and marine biology, food and agri-
cultural technology, forensic and environmental scienc-
es. Bioline petroleum jelly is used as a cleaning reagent
for molds used for specimens. The patterns are prepared
in such a way that at least five samples are extracted
per cycle. Surface preparation ensures the coupons are
manufactured under standard molding conditions.
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Material is available in powder and liquid forms, and
the coupons are prepared using powder and liquid rea-
gent material. It contains acrylic. The liquid and pow-
der are mixed in the ratio of 1:2 to make the mixture.
The mixture is stirred, and a paste is formed (pink in
color). The mixture is kept open to the atmosphere for
5 min. The molten mass is now getting bonded like bub-
ble gum. There are two specimens prepared for testing.
One sample contains pieces of teeth and the other does
not contain any teeth. The two specimens are subjected
to various mechanical tests like micro UTM, hardness
and compression tests. The clamp after bench pressing
placed in a curing box. The box contains normal tap
water at 25 °C. The temperature rise is gradual, and
the maximum temperature rise is 72 °C. The water is
heated with the help of an electrical coil and cooled un-
der tap water. The average cycle time is 90 min. A high
temperature is required for the mixture to solidify.

Fig. 3 represents the mold set under the clamp. The
clamp is situated in the bench pressing. The clamp is
placed under the bench pressing for 30 to 45 min. The
maximum pressing load is 50 kN. This process is done
to remove an extra portion of the bonded mixture and
to strengthen the bond. Later, clamp is placed in the
curing box.

The specimen is ready for trimming and cleaning
service. The operation is performed after the specimen
is taken out of the mold. The machine has two wheels.
One wheel contains cotton cloth, whereas the other is
solid. Pumice powder is used along with a cotton wheel
to clean the specimen. The other motor is to remove an
extra portion of the coupon after removing it from the
mold. The coupon after this operation is even. The pow-
der will give a smooth surface finish. This operation is
performed to get the exact dimension of the mold. Fig. 4
illustrates the machines used for machining operations.
The speed (rpm) of motor is adjusted according to the
type of mandrel. The process is partially automated and
requires a skilled person to operate as the accuracy of
dimensions is needed. Sandpaper is used to smooth the
surface of the specimen.

Coupon Preparation

For Flexural, Micro hardness and Impact Strength Test

Dough form material
mure of powder and liguid

Mould
The coupon preparation zones
completely washed win
kerosene and cleansing agent

Material pasting
bonded mixture is placed
inthe mold

Curing Process Clamp and Curing machinea
cooledunderzpwater. The  Clamp placed under the bench

average cycketime s 90 press for 3010 45mnand
aninga 72°C

Trimming Coupon extraction
processis partlly automatic - Removalof Coupons fromthe
andrequres sidled personto moid.
operae as aoouracy of minutes
Gimension s required

Fig. 3 — Process map for the coupon preparation

3. RESULTS AND DISCUSSION

The three denture base acrylic (with two of them re-
inforced with LT fiber) samples were subjected to
3 point flexural test with a uniform line load of 980 N
acting at the center at room temperature of 25 °C. The
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standard followed for flexural strength analysis was
D 790. The mean speed of the load indenter was
5 mm/min. The gauge length and span length were
50 mm and 40 mm, respectively. There was no pre-
tensioning load on the specimens. The upper parts of
the samples were subjected to compression, while the
lower parts were subjected to tension. Following the
test, the three specimens were broken down into two
pieces. The reinforced example showed an increase in
flexural strength and peak deformation. The reinforced
elongated fiber showed the highest flexural strength
among the three samples with 103.479 MPa, the peak
load and peak deformation during fracture were
216.972 N and 4.5 mm. The second specimen, having a
staggered limpet fiber, had a fracture path along one of
the fibers, while in the other two samples the fracture
path did not cut the fiber. The flexural strength, peak
load, and peak deformation were 98.59 MPa, 205.408 N
and 3.8 mm, respectively. The third sample, which had
no fibers, had the lowest flexural strength but the max-
imum peak load. The values were 97.173 MPa,
253.722 N, and 3.5 mm of peak deformation, respec-
tively. The observation depicts that flexural strength
increases with reinforcement, while peak load decreas-
es with support. The fracture did not divide the speci-
men into two equal parts. There were no cracks ob-
served in any part of the material after fracture.

Fig. 4 — (a) Dental lathe machine; (b) handy trimmer

The theoretical value for 3-point flexural strength is
calculated using formula (3FL/2bd?)39, where F is the
peak load, L is the span length, b is the width and d is
the depth of the cross-section. By using the formula,
flexural strength for elongated fiber is 103.479 MPa,
98.59 MPa for staggered fiber and 97.173 MPa for non-
reinforced specimen. The theoretical values when com-
pared to actual values were matching.

Fig. 5 illustrates the load versus stress plot for three
cases: WF (without fiber), CF (continuous fiber), and SF
(short fiber). The load in sample 1 is 253 N, in sample 2
is 216 N and for sample 3 is 205 N. Samples 2 and 3
show the low load due to high load-bearing capacity or
stress rigidity by LT either in continuous or short fiber
forms. The load versus strain plot is highlighted in Fig. 6
and explains changes in length with load increase.

Fig. 7 discusses load versus elongation in which the
CF-based (sample 2) coupon is subjected to elongation
of 9.2 % compared to sample 3 (7.6 %) and sample 1
(7.2 %). Table 1 depicts the comparative study of all the
three samples subjected to a flexural strength test.
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Fig. 5 — Load vs. stress for all the three samples
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Fig. 6 — Load vs. strain of the samples
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Fig. 7 — Load vs. elongation of the samples

Table 1 - Flexural strength results (error + 0.5)

Flexural strength
No Sample type (in MPa)
1 Sample 1(WF) 97.17
2 Sample 2(CF) 103.47
3 Sample 3(SF) 98.59

To study the flexural strength, the specimen was
subjected to Vicker’'s microhardness test. The load ap-
plied was 50 g point load with the shape of the diamond
indenter. The upper surface was fixed in each case, and
the load was applied gradually from the bottom sur-
face. The material used to hold the surface was gener-
ally made of PMMA. The next standard was ASTM
E 384. The area of focus was the part where the rein-
forced fiber was located. The specimen used was of
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25 x 19.5 x 2.54 mm3 for elongated fiber,
28 x 20 x 2.5 mm3 for staggered fiber and
30 x 19.7 x 2.85 mm? for non-reinforced fiber. The sam-

ple having elongated fiber showed maximum micro-
hardness of 25.04 HV as shown in Table 2.

Table 2 — Microhardness results (error + 0.15)

Microhardness (in

No Sample type HYV) for 50 g load
1 Sample 1(WF) 21.54
2 Sample 2(CF) 25.04
3 Sample 3(SF) 23.21

The microhardness was uniformly spread until the
fiber was present. Then, the microhardness started to
decrease. The reason might be due to the maturity of
posterior edge teeth in comparison to interior edge
[31]. The organic structure of LT is complex as it com-
prises goethite orientations with various angles em-
bedded in the chitin matrix. The goethite nanobased
fibers, when viewed through field emission scanning
electron microscope (FE-SEM), appear a few microme-
ter range length fibers [32]. The second sample, having
staggered fibers, had a lower microhardness than the
elongated one, but the value was higher than that of
the non-reinforced sample with 23.21 HV. The distri-
bution of microhardness was slightly uniform with
values varying about the mean value of 23.21 HV
throughout the sample, while the sample without rein-
forced fiber had a microhardness of 21.54 HV with
uniform distribution. It was observed an increment in
the microhardness value of 16.25 % for the elongated
fiber, while it was 7.75 % for the staggered fiber. Mi-
crohardness increased with the reinforcement of fiber.
The theoretical formula to calculate the microhardness
used is HV = 1.8544xF/d?, F is in kg, d is the mean
diagonal distance of pyramid indentation.

3.1 Impact Strength

Impact strength testing of three samples are high-
lighted in Table 3. Coupon 3 has given an impact
strength of 179.9 J/m compared to sample 2 and cou-
pon 1. The reason that sample 3 reports higher strength
compared to others is due to the short fibers spread
across the matrix and able to hold the matrix compared
to continuous fiber or without fiber-based coupons. The
impact strength is a critical parameter for denture ap-
plications. From Table 4, glass fiber, silanized fiber and
aramid showed higher flexural strength in comparison
to LT, but when it comes to impact strength, they lag
behind the LT.

Table 3 — Impact strength results (error + 1)

Impact value | IZOD Impact

No Sample type b J) strength (I:]/m)
1 | Sample 1(WF) 0.40 144.40
2 | Sample 2(CF) 0.35 140.00
3 | Sample 3(SF) 0.45 179.90

However, availability of the material and cost of

pristine sample is another concern for all synthetic fi-
bers as LT is a biomaterial and is available in abun-
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dance in intertidal sea regions. The work still needs
investigation of biocompatibility, chemical reaction with
saliva and in-vivo and in-vitro conditions trials.

3.2 Differential Scanning Calorimeter (DSC)

DSC is a thermo-analytical method. It is used to
study the behavior of material as a function of temper-
ature or time. Melting point, crystallization behavior
and chemical reaction are just some of the many prop-
erties or processes that can be measured by DSC. It
measures the energy when subjected to heat, cool or
held in isothermal conditions. The respective samples
may undergo one or more phase changes during heat-
ing or cooling. These changes are called “thermal tran-
sitions” of a polymer. Examples of the thermal transi-
tions are glass transitions, crystallization, and melting
of a polymer. Fig. 8 illustrates three samples data ex-
tracted and analyzed for the common form and fit.
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Fig. 8 — Differential scanning calorimeter measurements

Table 4 — Mechanical properties of various materials

Polymer matrix PMMA

Flexural Micro- | Impact

Reinforcement fiber strength |hardness| strength
(MPa) (BHN) (J/m)

Glass fiber [4-9] 55.8-217.6 32 NA
Silanized glass
fiber [10-12] 127.8 NA 77.9
Aramid [13-14] 75.8-207 NA NA
Polyethylene [15-16] NA NA 1220
Polypropylene [17] NA NA 1100
Oil palm empty
fruit bunch [18] 110 NA NA
Vegetable fiber [19] 6.89 NA NA
Limpet teeth 103.47 25 179
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4. CONCLUSIONS

The exhaustive literature survey and the critical
experimental work resulted in the following findings.

Limpet teeth of the Cellanakarachiensis species
were extracted from the sea intertidal zones, and sur-
face cleaning was carried out to avoid any foreign body
intervention when used in the manufacture of the cou-
pons. The coupons were tested for three different cases
such as without fiber, with continuous fiber and with
short fiber to cater to all possible options.

Mechanical properties such as flexural strength
(1.06 times), microhardness(1.16 times) and impact
strength (1.25 times) were better than PMMA as an
original denture base material.

Limpet teeth are the most economically viable bio-
material, and, compared to other fiber materials, it has
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Marepiajt HOBOrO MOKOJIIHHA IJ1A 3yOHUX NMPOTe3iB Ta 0a30BUII MaTepiaa nporeais:
3you mosockie (LT) ax anprepHarusHe apmyBauHsa B nosrimerunmerakpuiaari (PMMA)
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Ha choromni mopyIeHHss B POTOBIi ITOPOKHUHI € HANUOLIBII BIIOMUME Ta HANIOMIMPEHIIINMA IpobJie-
Mamu y cBiTl. JlocaimKeHHs BUSABIISIOTH TAKl MOPYIIIEHHS, 110 BKJIIOYAIOTh 3aXBOPIOBAHHSA SICEH, Kapiec, BU-
Pa3K{ POTOBOI IOPOKHIHU, epo3iio 3y0iB, YyTIMUBICTh 3y0iB, 3yOHM O1/Ih Ta HaA3BHUUAMHI cuTyari 13 3ybda-
mu. Kpim Toro, morsimbierne BUBUYEHHS BUSBJIsSE HEIPABUJIbHE 3YEIIEHHS MisK OCHOBOIO IIPOTE3a Ta IIPOTe3-
HAMU 3y0aMu, 10 IPHU3BOIUTH J0 JOPOTOTO PEMOHTY pa3oM 13 BUpasdkamMu poToBoi moposkuuHU. Lleit edert
CIIOCTEPITAEThCA Y JIIOAEH Bif cepeaunoro (35 pokir) qo moxwmiioro Biky (< 80 pokiB) mo Bchomy cBity. [1pm6-
JIM3HO TPETHHA HACEJIEHHS CTPAKIAE Yepe3 BIIACYTHICTH JIKYBAHHS Kapiecy mpupoaHux 3yois (31,2 %). On-
tumanbHui cksag PMMA sik 0CHOBY IIpOTe3yBaHHS Ta IIPOTE3HUX 3y0iB Y KIIIHIYHUX BUIPOOYBAHHAX 3 Me-
TOIAMU CIIOCTEPEKEHHS Ta eKCIIEPUMEHTAIbHUMY METOJIUKAMU IIle He PO3KPUTHHN. AJIbTepHATUBHUN MaTe-
piaJt Aj1a 3yOHHX IIPOTE3IB I0Cl 3aJHIIAEThCA MUTAHHAM 0e3 Bimmosimi. Bubip BiAmOBIZHOIO apMyo04oro mMa-
Tepiay, 10 OXOILIIE KePIBHI IIPUHIIMIIN 100 CIIBBIIHOIIEHHS PIIMHA/IIOPOIIOK, J03BOJIAE YHUKHYTH IPO-
1eciB, SKI BIUIMBAIOTH HA MIIHICTH 3UEIJIEHHsI, TAK 3BaHa MoJeJib 6e3 Bocky. [loTouna pobora 3ocepem:reHa
HAa JIOC/IIKeHH] MeXaHIYHUX BJIACTUBOCTEN 3/0e3 apMyBaHHsA HOBOTO GloMaTepially, BiIOMOro K 3yOM MOJIIO-
ckiB (LT). LT mocraTtHbo mocTymHuMi B mpubepeskHUX a60 B IpUJIMBHUX paiioHax. 3acrocyBauusa LT B croma-
TOJIOTII SIK OCHOBU JJIsI IIPOTE3yBAHHS 3aJIUIIAETHCSA He3aMIHHUM. [IpoBe/ieHo IOPIBHJIPHUN aHAI3 3Pa3KiB
3/6e3 apmyBaHHA (y BATJIAOI KOpoTKoro/6esmepepBHoro BosiokHa) LT y PMMA. Pesynbratét MomemoBaHHA
KOPEJIIIOTH 3 eKCIIEPUMEHTAJIBHOI POOOTOI0, III0 BUBYAE MOSKJIMBOCTL HOBOTO MaTepiajy B rajy3l CTOMATOJIO-
rii. CrocrepesxyBaHi pe3ysIbTaTH IOJI0 MEXAHIYHUX BJIACTUBOCTEM, TAKUX AK MirHicTs Ha BuruH (106 %),
MikporBepicTs (116 %) Ta yaapHa B's3kricts (125 %), kparri mopiBHsHO 3 6azoBuM MaTtepiaisom PMMA.

Kmouoei ciiosa: Ilommepu, Biomommepn, MexaHiuH1 BJIACTHBOCTI TBEPIUX PEUOBHH.
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