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Effect of adding copper oxide nanoparticles
on tensile strength and elongation percentage
of self-cure soft liners used in prosthodontics

Abstract. Even though polymers are the primary material used in soft liners because of compat-
ibility, chemical inactivity, and easy usage, several properties deteriorate with time and usage,
rendering replacement of prostheses unavoidable (every 6—12 months). Multiple studies have
been conducted to improve the properties of soft liners, such as tear and tensile strengths, and
to retain these properties as long as possible to withstand aging and disinfection. Aim of study:
Evaluating the influence of adding copper oxide (ll) CuO nanoparticles (40 nm) to the soft liner
on tensile strength and elongation percentage. Materials and methods. Nano-CuO in 1% (wt.)
was selected to be added to the self-cured soft liner. A total of 40 specimens were qualified accord-
ing to the manufacturer and standardization; 20 specimens were tested for the control group, 20 for
the modified one, 10 for the tensile strength test, and 10 for the elongation percentage. Fourier
transform infrared spectroscopy (FTIR) was used to check whether a chemical interaction would
occur between the nano-CuO and the soft liner. Results. The average value of tensile strength
of soft liner was recorded to be 1.437 MPa before the addition of nano-CuO soft liner, and it was
recorded to be 1.808 MPa after enforcement, a significant difference between groups before and
after the addition of nano-CuO (p=0.023). The elongation percentage of the liner had a mean
value of 461%. The non-significant decrease was documented (p=0.912). The tensile strength
was significantly improved, while the elongation percentage was non-significantly decreased.
Conclusion. Incorporating CuO nanoparticles into the soft liner had increased the tensile strength
and decreased the elongation percentage. There was no chemical interaction between the nano
powder and the soft liner (only physical dispersion).
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BnusHue mobaBneHNsT HAHOYACTUI]
OKCHJIa Me[} Ha IIPOYHOCTb IPpU
PaCTAXXEHUU U IIPOLEHT YL IMHEHUA
CaMOOTBEP>KJAEMBbIX MATKNX IOAK/IALOK
B OPTOIIEANYECKO CTOMATOIOI UM

Pedepart. HecMoTps Ha TO UTO NONIMMEPDI ABNAIOTCA OCHOBHbIM MaTe-
prianom, NCnosib3yembiM B MArKMX BKagblLax 13-3a X COBMeCTUMO-
CTU, XMMYECKOW UHEPTHOCTU N NPOCTOTbI UCMOMb30BaHWsA, HeKOTopble
CBOWCTBA YXyALIAIOTCA CO BPEMEHEM U B MpoLiecce UCNob30BaHNs, 4To
JenaeT 3aMeHy NpoTe30B Hen3bexHol Kaxable 6—12 mecaAues. bbino
NpoBeAeHO MHOXECTBO UCC/IEA0BAHMIA C Lenbio ynyylleHnsa CBONCTB
MAFKUX BKNaAbILWen, Taknx Kak MPOYHOCTb Ha Pa3pbiB U pacTaXKeHUe,
a TaKXKe [J19 COXPaHeHUs 3TVX CBOWCTB KaK MOXHO [0JIblLe, YTOObl OHM
BblAEPXMBaNu ctapeHune n gesvHdekuyuio. Llenb nccnegoBaHna —
oLieHKa BnvsHKA fobasneHua HaHouacTuy okcuaa meam (1) CuO (40 Hm)
B MATKYI0 NOAKNAAKY Ha MPOYHOCTb Ha Pa3pbiB 1 MPOLEHT YAJIMHEHNA.
Matepuanbl n metoapbl. [1na fobaBneHns B CaMOOTBEPAEBALLYIO
MATKY0 NOAKNAAKY 6bin BoibpaH HaHonopolwok CuO B KOHLEHTpaLum
1% (macc.). B cooTBeTCTBIM C TPe6OBAHMAMU NPON3BOAMUTENA U CTaHAAP-
Tamu 6bi510 13roToBnieHo 40 06pa3sLoB: 20 — A1 KOHTPOJSIbHOW rPyNMbI,
20 — ana moamduUMpPoBaHHOIA. B Kaxgoi rpynne 10 06pa3uoB ucnbi-
TbIBa/IM HA NPOYHOCTb Ha pa3pbiB 1 10 — ana onpeaeneHna CTeneHn

yanuHeHuA. [InAa npoBepKu BO3MOXXHOMO XMMUYECKOro B3auMoAencTBumA
HaHo-CuO 1 maTepuanom noaknaaky 6oina ncnonb3osaHa MK-cnekT-
pockonus ¢ npeo6pasoBaHriem Qypbe (FTIR). PesynbraTtbl. CpeHee
3HauyeHVe NPOYHOCTM Ha Pa3pbiB MArKOW NOAKMAAKK A0 fobaBneHns
HaHo-CuO coctasuno 1,437 Ma, a nocne no6asneHus — 1,808 Mla, uto
CBUAETEeNbCTBYET O 3HAUMUTENbHOW pa3HuULEe Mexay rpynnamm 4o u no-
cne fo6aesneHusa HaHo-CuO (p=0,023). MpoLeHT yaNnHeHNA NogKNaaKu
umen cpepHee 3HayeHue 461%. bbino 3aduKCMpoBaHO He3HaUNTENbHOE
cHuxeHue (p=0,912). NpPoYHOCTb Ha pa3pblB 3HAUNTENBHO YNyYLIMIAC,
B TO BPeMsA KaK NPOLEHT YANMHEHNA HE3HAUNTENIbHO CHU3MACA. 3aKio-
yeHwme. [lo6aBneHune HaHovactry CuO B MATKYI0 NOAKNALKY NMOBbICUIIO
NPOYHOCTb Ha Pa3pbIB 1 CHU3UNO NPOLEHT yASIMHEHUA. XMUYECKOro
B3aVMOLENCTBUA MeX Y HaHOMOPOLLIKOM U MATKOW NOAKNAAKOW He Ha-
6noaanoch (TonbKo Gprsmueckas aucnepcus).

KnioueBble cioBa: MArkue BKIafblliv, HAHOOKCW Mef1, apMMpPOBa-
HWe, Mpeaen NPOYHOCTM
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INTRODUCTION

Soft liners used in removable prosthodontics are resurfac-
ing materials added to the tissue surface of dentures for
force distribution, improving retention and stability, and
resulting in patient acceptance. As a result of continuous

residual ridge resorption, dentures often must be relined
as part of maintenance follow-up recalls. This will improve
tissue contact and occlusal relation with the other arch [1].

Despite their benefits, soft liners suffer aging and lose
their cushioning effect, becoming prone to Candida albicans
growth, losing their tensile strength, and debonding from
the acrylic resin denture base. As a result, techniques are
frequently adopted to roughen the acrylic resin denture base
by sand blasting, plasma, or etching to enhance the bonding
quality [2].

Moreover, research has been done to enhance the prop-
erties of soft liners to resist aging. The reinforcement by in-
corporating nano fillers, such as Yttrium oxide, silicone di-
oxide, or glass fibers, is a standard reinforcement method [3].

The soft liners may be classified into the plasticized
acrylic resin-based and silicone-based resilient lining ma-
terials or heat and cold-cure according to polymerization
temperature [1].

Additionally, studies have shown that adding certain
materials, such as silver and copper nanoparticles, to den-
ture liners can gain antimicrobial effects [4].

MATERIALS AND METHODS

A total of 40 specimens of a silicone-based soft denture
liner (Tokuyama, Japan) were made and separated into two
equal groups:
1) control group — soft liners without modifications;
2) experimental group — soft liner impregnated with 1%
CuO 40 nm nano-particles (Skyspring Nanomaterials,
USA).

Specimen manufacturing

CAD software was used to draw and design the dimensions
of the mold for specimen manufacturing. Then, a CNC-
machine (Computer Numerical Control) was manipulated
to form the mold compartment for the soft liner to be poured
till setting [5].

For the control group, the mixing gun injected the soft
liner through the auto mixing nozzle directly into the mold
space. The cover was applied till complete setting of the ma-
terial after 20 minutes. For the experimental group, the soft
liner was injected into the mixing cup on the digital electron-
ic balance (10~ accuracy), then nano-powder was applied
at 1%. The soft liner was mixed with the nanopowder using
a vacuum mixer for 1 minute at 360 rpm to get the enforced
group. A vacuum pressure of —10 bar was applied for 1 min
to remove air bubbles. The material was applied to the mold
space, and the cover was closed for 20 minutes [3].

The mixture was applied gradually and poured
on the acrylic mold excessively to reduce the percentage of air
bubbles. The cover was then placed and fixed with screws
and nuts. After that, G-clamps were applied on the sides with
a constant load application at the top of the cover of 1 kg.
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The air bubbles that may have formed on the specimen were
removed by applying steady pressure until the bubbles had
escaped. Then the material was left undisturbed till com-
pletely cured [6].

The specimens were kept in standard conditions at 20—
25°C and 50—60%. A storage box was designed using a wa-
ter and heat-proof container with a thermometer and hy-
grometer. After completing the setting, the specimens were
retrieved. The tested specimens must be intact with good
borders, and no air bubbles should be present. Defects ren-
der the specimen to be discarded. Flashes and excesses were
cut out with a scalpel or surgical blade no. 11.

For each of the 20 specimens, 10 were made for tensile
strength and 10 for elongation percentage.

Spectrometry

Fourier transform infrared spectrometry (FTIR) was
performed on the soft liner before and after adding CuO
nanopowder. An identical FTIR would indicate no chemical
reaction and only physical dispersion had occurred.

Mechanical testing procedures

ISO 37:2011 (type 2) was implicated. Specimens were pre-
pared in a dumbbell shape and tested by a universal testing
machine per the specification. The velocity of 500 mm/min
was applied, during which the specimen was pulled until
complete rupture. The tensile strength is the highest force
at rupture divided by the cross-sectional area. The elonga-
tion percentage can be calculated by dividing the change
in length by the original length. The specimen length was
measured before stretching, and again after rupturing.
The relative elongation was then calculated as a percentage.

Statistical analysis

Nominal variables were summarized using frequencies and
percentages, while ordinal variables were described using
means and standard deviations. A significance level of p<0.05
was considered statistically significant. Independent samples
I-tests were used to compare means between groups.

RESULTS

Spectrometry

The FTIR spectrum showed the characteristic peaks cor-
responding to the functional groups present in the soft liner
material before and after nano-CuO addition (fig. 1 and 2),
and had exhibited similarities in peaks for the soft liner be-
fore and after nano-CuO addition as follows:

o peaks at 2963 cm ™' indicating the presence of C—H
stretching bond for alkanes such as CH, or CH,;

o peaks at 1259 cm ' indicating the C—O bond;

o peaks at 1076 and 1004 cm ™" indicating the presence
of —O— bond;

o peaks at 863, 786, and 694 cm ' indicating out-of-plane
bending of the C—H bond as that of an aromatic com-
pounds (benzene circle).

These results suggest that the compound is alcohol, ester,
or R—O—Ar (R = alkane, Ar = vinyl or benzene). The alco-
hol and the ester are less likely, as no O—H bond or carbonyl
group exists. The most likely is the R—O—Ar, which reflects
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the manufacturer’s statement that the silicone-based  Table 1. FTIR absorption peaks for the soft
soft denture liner (Tokuyama, Japan) is composed liner with and without the addition of nano-Cu0

of divinyl polydimethylsiloxane. The latter further in- Before addition After addition of nano-Cu0
dicates that nano-CuO didn’t cause a chemical reaction W ber e Absorston Gl W ber (cm™)_ Absorotion (%)
or Chemical Structural Change (Table 1). avenumper (cm sorption (7 avenumper (cm sorption (7
2963.0010 16.4 2963.0626 16.6
Mechanical testing 2907.6418 3.6 2906.4740 3.4
The average tensile strength of the soft liner was 1408.8205 6.5 1408.7270 6.3
1.437 MPa before the addition of nano-CuO and in- 1259.1228 51.5 1259.1017 52.0
creased to 1.808 MPa after reinforcement, indicat- 1076.8340 67.8 1076.9636 67.6
ing an improvement in mechanical performance due 1004.7157 92.9 1004.4584 93.2
to the incorporation of nanoparticles (Table 2). Sta- ’ ’ i ’
. . - . 863.1010 32.0 863.1093 31.9
tistical analysis showed a significant difference among
groups before and after adding nano-CuO (p=0.023). 786.6476 916 786.4429 .
694.3476 39.5 694.4137 39.5
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Fig. 1. FTIR of the soft liner before the addition of nano-CuO

%
100

.
Pj

90

2906.4
1408.73 —

80

2963.06 — ==

70

60

50

Transmittance

40

1259.12 — =

30

1076.96
p—

L

20

1004.46 | 1 786.44
0 ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400

Wavenumber (cm™)

Fig. 2. FTIR of the soft liner after adding nano-CuO
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The elongation percentage of the liner
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Table 2. Comparison of tensile strength and elongation of a liner in groups

had a mean value of 461%, and there was

Modified by CuO
a non-significant decrease in the rate af- Control nano-poxder "
ter the addition of nano-CuO, which was P
YU Mean Min—max Mean Min—max

recorded at 458%. The non-significant Tensil
decrease was documented (p=0.912), S‘:r':"geth (Mpa) 1-437+0.216 11901730 1.808+0.388 1.350—2.700 2.505 0.023
as shown in Table 2. .

When observed under UV light, Elongation (%) 461+50 393—-503 458+42 403—504 | 0.112 0.912
conventional self-cure soft liners and
those modified with nano-CuO show notice- ) i ,

Conventional Nano-Cu0 Conventional Nano-Cu0

able differences in appearance and stability.
The conventional appear smooth uniform
translucent with no significant fluorescence.
In contrast, the nano-CuO—reinforced liner
tend to appear darker (opaque) and scat-
ter. Visual comparison of conventional and
nano-CuO modified soft liner under UV light
shown in fig. 3.

DISCUSSION

Chemically, there is no interaction be-
tween nano-powder and soft liner, as there
is no change in the spectral range of the soft liner after
the addition of the nano-CuO powder, and this can be be-
cause the smooth liner is present in the saturated form [6].

The increase may be caused by the fact that nano-
CuO powder was physically scattered within the soft liner,
so the latter polymer chains with scattered nanoparticles
within will slide over each other when subjected to tension
due to the applied tensile forces; these chains are more re-
sistant to breakage compared to unmodified soft liners [7].

Because of the ability of nano fillers to form a three-
dimensional network with the chains of polymer with sub-
sequent entrapment of these networks within the polymer
matrix, the density of cross-linking of the polymer matrix
will be increased, causing an increase in stiffness of the ma-
terial and an increase in tensile strength [8].

The decrease in elongation percentage after the addition
of nanoparticles may be explained by restrained molecular
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CONCLUSION

There is no chemical interaction between CuO nanoparticles
and Tokuyama self-cured soft liner (only physical dispersion
of the fillers within the silicon matrix) as shown by FTIR.
The addition of CuO nanoparticles to the soft liner resulted
in an improvement in the tensile strength. The addition
of CuO nanoparticles to the soft liner resulted in a decrease
in the elongation percentage, although the decline was non-
significant.
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