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Aim: The aim of this study is to find out whether there is a change in the compressive strength
of nanohybrid composite resin after the application of glycerin immersed in fermented milk and
citric acid. Materials and Methods: Nanohybrid composite resin (Filtek TM Z250XT 3M ESPE
USA) disks will be prepared in a Disk mold (Thickness of 3mm&Smm diameter). In this research,
7 samples per group with a total of 4 groups so that 28 samples will be needed. The distribution
of sample groups as follows:(N=7)Group 1: nanohybrid composite resin without glycerin appli-
cation in Fermented Milk immersion, Group 2: nanohybrid composite resin with glycerin appli-
cation in Fermented Milk immersion, Group 3: nanohybrid composite resin without glycerin ap-
plication in Citric acid immersion, Group 4: nanohybrid composite resin with glycerin application
in Citric Acid immersion. Followed by measuring the compressive strength using the Universal
Testing Machine. Results: The Independent T-Test revealed significant different outcomes. The
compressive strength of the group with glycerin application exceeded that of the group without
glycerin application. Conversely, the group exposed to fermented milk beverages exhibited re-
duced compressive strength relative to the citric acid immersion group. Conclusion: The com-
pressive strength of the nanohybrid composite resin changed after the application of glycerin
immersed in fermented milk.

opyright© Copyright© The author(s) 2025,This is an open-access article distributed under the terms of
the Creative Commons Attribution License, which permits unrestricted use, distribution and
reproduction in any medium, provided the original work is properly cited.
INTRODUCTION It has a high esthetic value (5).

Dental caries is a widespread and largely preventable disease,
commonly leading to oral pain and tooth loss. It is a signifi-
cant public health concern that affects individuals of all ages
and poses a major obstacle to achieving and maintaining good
oral health (1). According to the World Health Organization
(WHO), oral diseases remain a global concern despite notable
improvements in oral health across some populations. WHO
emphasizes that poor oral health can significantly impact over-
all health and quality of life (2). If not treated immediately,
dental caries can spread quickly (3).

Tooth filling is the initial action that can be taken so that dental
caries does not spread further (4).The restorative material that
is widely used in various dental treatments is composite resin.

*Corresponding author: Dr. P. Venkata Praneeth

Meghna Institute of Dental Sciences, Nizamabad

Composite resin comprises three main components, namely:
matrix resin, filler and silane coupling agent. Composite res-
in filler, ranging from traditional composite resins (macrofill-
ers), microfillers, flowables, packables, hybrids to nanofillers,
particularly with regard to its particle size has been improved.
Nanofillers are composed of smooth particles with the result
that the restoration possesses a smooth surface and is aesthet-
ically attractive (6). However, nanofillers suffer from certain
disadvantages, one of which is their higher hydrophilic proper-
ties compared to other larger types affecting the water absorp-
tion of composite resin (7).

Composite resin has mechanical properties that can support
how long the material can last in the oral cavity, one of which
is compressive strength. oor compressive strength can lead to
restoration failure (8). Along with the times, composite resins
have changed based on the size of the filler particles. The latest
advancement in composite technology is the use of nanotech-
nology (9).Two types of composite resins contain nanoscale
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particles, namely nanohybrid and nanofiller composite resins.
Nanohybrid composite resins contain particles of 0.4-5 mi-
crons in size and contain nano-sized particles and conventional
filler particles, while nanofiller composite resins are the result
of the use of nanotechnology in the development of fillers con-
taining 1-100 nm particles throughout the resin matrix (9,10).

The nanohybrid composite resins can be used for both ante-
rior and posterior restorations (11).Components contained in
nanohybrid composite resins can improve aesthetics, physical,
chemical, and mechanical properties, such as better compres-
sive strength and tensile strength, wear resistance, and low po-
lymerization shrinkage (12).

Compressive strength is affected by the polymerization pro-
cess(13).If the surface of the composite resin is exposed to
air during the polymerization process, there will be greater
reactivity between oxygen and radicals than monomer and
radicals. This causes the formation of oxygen inhibited layer
(OIL). This layer can interfere with the polymerization process
and reduce the quality of the composite resin (14).

To minimize the occurrence of OIL, glycerin inhibitors can be
employed during the curing process. Glycerin is stable in a
medium of atmospheric oxygen because, when exposed to air,
glycerin will be in equilibrium with the water vapor (relative
humidity) in the surrounding atmosphere. Therefore, glycerin
bonds and the surrounding objects will not experience chang-
es at normal temperatures. Hence, glycerin can be used as a
barrier to prevent the formation of OIL on occlusal surfaces or
those of composite resins that are difficult to access (15). Good
polymerization can increase the hardness, wear resistance, and
compressive strength of composite resins (16).

Mechanical properties such as compressive strength can be a
crucial indicator for restoration material clinical performance
because it can predict the capability of a material to withstand
mastication and parafunctional forces. Mastication forces on
the posterior region are mostly in the form of compressive
force, therefore restoration in this region need to have the abil-
ity to withstand compressive forces. Resin composite has to
have compressive strength equal to normal teeth to be able to
withstand mastication forces and prevent restoration failure
such as fracture in the occlusal isthmus of class II restoration.
Restoration materials that have lower compressive strength of-
ten fracture and may cause periodontal problems or even teeth
extraction (17,18).

In the oral cavity, restoration materials are exposed with chem-
icals in saliva, food, drinks and physical force of mastication
and oral habits (19). Change of pH inside the mouth is be-
lieved to cause the degradation of restoration materials. A few
studies have revealed that low pH exposure can damage resin
composite mechanical properties (20). Consumption of packed
beverage is a source potentially causing erosion and degrada-
tion of resin composite (21). On the present day, one the most
consumed beverage among young adults is energy drink. En-
ergy drink has an acidic taste due to citric acid. Citric acid in
energy drinks are reported to be higher among other packed
beverage such as soft drinks and fruit juice. Several studies
reveal that citric acid in high concentration can cause erosion,
damage, enamel softening, and surface degradation of resto-
ration materials (22).
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Changes in the mechanical properties of composite resin are
also affected by conditions in the oral cavity, such as salivary
pH and food intake (23). Fermented milk is a dairy product
which involves a bacterial fermentation process (24). Lactic
acid bacteria (LAB) is a microbe used in the manufacture of
fermented milk. However, lactic acid which is formed from the
results of LAB metabolism can cause a decrease in the pH of
fermented milk. If more lactic acid is produced, the decrease
in pH will also be greater so that it will be directly proportional
to the level of acidity of the product (25).

Consumption of acidic drinks can also dissolve the composite
resin since it contains numerous H ions capable of continuous-
ly eroding the composite resin material (26). This can affect
the matrix and filler bonds in the composite resin and have an
impact on decreasing mechanical properties due to accelerated
degradation of the matrix (27). This subsequently leads to the
degradation of the composite resin component (26). Based on
the above background, the research is interested in conducting
research which aims to determine the compressive strength of
nanohybrid composite resins after the application of glycerin
in fermented milk immersion and citric acid immersion.

MATERIALS AND METHODS

This type of research is laboratory experimental research. This
research was conducted using Post Test Only Control Group
Design. The samples used in this research were nanohybrid
composite resin (FiltekTM Z250XT 3M ESPE, USA) which
were placed into a disc mold (acrylic plate) with a thickness of
3 mm and a diameter of 5 mm which would form a tablet-like
shape (26). In this research, 7 samples were used per group
with a total of 4 groups so that 28 samples were needed. (Fig-
ure-1)

The distribution of sample groups as follows:(N=7)

e Group I: nanohybrid composite resin with glycerin ap-
plication in Fermented Milk immersion

e Group II: nanohybrid composite resin with glycerin ap-
plication in Citric Acid immersion

e Group III: nanohybrid composite resin without glycerin
application in Fermented Milk immersion.

e Group IV: nanohybrid composite resin without glycerin
application in Citric Acid immersion

Nanohybrid composite resin with glycerin application& im-
mersion in Fermented Milk and Citric Acid

Samples are made by placing celluloid strip on the bottom
of the acrylic mold and then the mold is placed on top of a
glass slab. The inside of the mold is covered by cocoa butter
as a separator. Nano hybrid composite is filled into the mold
and flattened with a plastic filling instrument. Application of
glycerine with a applicator tip(Figure-2) and Samples are then
light cured for 20 seconds as manufacture indication, brought
out of the mold, and immerse in salinefor 24 hour in an incu-
bator as 37 °C to let the composite polymerized completely.
The samples are then divided into two groups and immerse
in their respectable solution, in feremented milk and energy
drink citric acid. Samples are immersed in an air tight contain-
er for 24hrs at 37 °C. Fermented milk used in this research
was yogurt with a pH of 4.5. After that, the yogurt is placed in
acrylic container. Citric acid used in this research was energy
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drink with a pH of 4.5. After that, the energy drink is placed in
acrylic container 20 Samples were immersed either in saline or
fermented milk according to the distribution of sample groups.
The acrylic container filled with the sample and the immersion
were placed in an incubator at 37°C for 24hours (26).

Nanohybrid composite resin without glycerin application&
immersion in Fermented Milk and Citric Acid

Samples are made by nanohybrid composite by the above pro-
cedure. Then light cured for 20 seconds as manufacture indi-
cation, brought out of the mold, and immerse in saline for 24
hour in an incubator as 37 °C to let the composite polymerized
completely. The samples are then divided into two groups and
immerse in their respectable solution, in feremented milk and
energy drink citric acid. Samples are immersed in an air tight
container for 24hrs at 37 °C. Fermented milk used in this re-
search was yogurt with a pH of 4.5. After that, the yogurt is
placed in acrylic container. Citric acid used in this research
was energy drink with a pH of 4.5. After that, the energy drink
is placed in acrylic container 20 Samples were immersed ei-
ther in saline or fermented milk according to the distribution
of sample groups. The acrylic container filled with the sample
and the immersion were placed in an incubator at 37°C for
24hours (26).

Compressive strength was measured using Universal Testing
Machine(Figure-3), by pressing the sample until the sample
fractures (26).

Statistical analysis

Statistical data testing was carried out using SPSS and data
would be analysed using the Shapiro-Wilk test. After that, an
Independent T-Test was conducted to find out the relationships
between groups.

RESULTS

The mean compressive strength of nanohybrid composite res-
ins are presented in Table 1. The nanohybrid composite resin
group with glycerin application exhibited a superior average
compressive strength compared to the groups without glycerin
application. Subsequently, statistical tests were conducted to
see if significant differences existed across the groups.

The compressive strength values observed in this study varied
significantly among the four groups. Group II recorded the

Figure.l Armamentarium
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Figure 3. Universal Testing Machine

Table 1. Compressive strength characteristics of nanohybrid composite resin

95% confidence
. Std.‘De- Std. interval for mean | Mini Max P
Compressive strength N Mean via F value
Tion Error Lower Upper Mum Imum value
bound | bound
Fermented milk -Glyc-
erine (GROUP 1) 7 113.86 6.283 2.375 108.046 | 119.668 | 106.00 123.00
Citric acid- Glycerine | 5 | 155 79| 4969 2.634 | 188.840|201.731 | 186.00 | 206.00
(GROUP 1I) ’ ’ ’ ’ ’ ’ ’
Fermented milk 508.065 | <0.001
(GROUP III) 7 71.14 6.309 2.385 65.308 | 76.978 | 65.00 83.00
Citric aCI‘S()GROUP 7 |132.00| 4320 1.633 | 128.004 | 135.996 | 128.00 | 140.00
Total 28 128.07 45.831 8.661 110.300 | 145.843 | 65.00 206.00
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Table 2. Multiple comparisons

Multiple comparisons
Dependent variable: compressive strength
Bonferroni
Sig. 95% confidence interval
(i) group Mean Std. Lower
difference (i-j) Error bound Upper bound

Fermented milk 42.71429" 3.23512 | 0.000 |33.4130 52.0156

Fermented . 3 "
. . Citric acid -18.14286 3.23512 | 0.000 |-27.4441 -8.8416

Milk -glycerin

Citric acid glycerin -81.42857" 3.23512 | 0.000 | -90.7298 -72.1273
Citric acid | Citric acid 63.28571° 3.23512 | 0.000 53.9844 72.5870
glycerin Fermented milk -glycerin | 81.42857" 3.23512 | 0.000 |72.1273 90.7298

Citric acid -60.85714" 3.23512 | 0.000 |-70.1584 -51.5559
Fermented milk | Fermented milk -glycerin | -42.71429" 3.23512 | 0.000 -52.0156 -33.4130

Citric acid glycerin -124.14286° 3.23512 | 0.000 |-133.4441 |-114.8416
Citric acid Fermented milk -glycerin | 18.14286° 3.23512 | 0.000 8.8416 27.4441

itric aci

Citric acid glycerin -63.28571" 3.23512 | 0.000 |-72.5870 -53.9844

*_The mean difference is significant at the 0.05 level.

highest mean compressive strength at 195.29 N, while Group
IIT had the lowest mean value at 71.14 N. Group I and Group
IV had intermediate mean values of 113.86 N and 132.00 N,
respectively.Post hocBonferroni test showed a statistically sig-
nificant difference between all the groups (P < 0.05) [Table 2].

DISCUSSION

The results of the Independent T-Test on differences in the
compressive strength of nanohybrid composite resins based
on the application of glycerin showed significant results. This
shows that the application of glycerin has an effect on the com-
pressive strength of the composite resin. Based on the research,
the average value of compressive strength in the group without
glycerin application was lower than the group with glycerin
application. This occurs due to the formation of OIL during the
polymerization process (28).

Glycerin-free groups was influenced by several factors includ-
ing the degree of polymerization conversion and the presence
of OIL layers. The degree of conversion resulting from the po-
lymerization process is the percentage of carbon metal meth-
acrylate double bonds capable of binding to free radicals and
producing a single bond which forms a polymer chain. Up to
50-70% of C = C covalent bonds can be converted to produce
approximately 30-50% of metal methacrylate which do not un-
dergo initiation with free radicals (9). This is also supported
by the glycerin-free treatment with the result that free radicals
bind with oxygen to produce peroxyl radicals (29).

Re+02=R-00-
Free radicals + Oxygen = Peroxyl radicals

Free radicals that bind to oxygen reduce the number of free
radicals that should bind to the covalent C = C bond in metal
methacrylate (9).The results of monomers that are not bound to
free radicals forming OIL when combined with the remainder
of the unconverted methacrylate monomer can induce changes
in the surface hardness of the composite resin (29). During this
research, a droplet of glycerin was applied to the surface of the
composite resins. Its consistency did not harden during curing
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and had a transparent color which did not affect the irradiation
distance and intensity of the LED light during polymerization.
The application of glycerin is intended to prevent the bond be-
tween free radicals and oxygen in order to increase the surface
hardness of composite resins (29).

Other factors affecting polymerization of composites include:
exposure time, exposure distance and composite resin thick-
ness (9). All groups were irradiated for 20 seconds as recom-
mended with a irradiation distance of 0 mm in the perpendicu-
lar position and with the same thickness of 2 mm.

In group Illand grouplV without glycerin application, the po-
lymerization process will be disrupted when the surface of the
composite resin is in contact with air. Oxygen (O2) is one of
the chemical elements contained in air. If the surface of the
composite resin is exposed to oxygen, the free radical will
come in contact with O2 to produce a peroxyl radical (R ¢ +
02 = R-00 °). The formation of bonds between free radicals
and O2 causes a decrease in the reaction on the monomer. Con-
versely, there will be an increase in reactivity between free rad-
icals and O2 which is greater than free radicals and monomers.
This causes the formation of oxygen inhibited layer (OIL). The
oxygen inhibited layer is a sticky layer and is classified as a
resin-rich uncured layer. The formation of OIL causes polym-
erization to be less than optimal, which results in a decrease in
the mechanical properties of the composite resin (30).

Meanwhile, in group I and group II, one layer of glycerin was
applied using a brush on the surface of the composite resin
and the results obtained that the average compressive strength
value was higher in the group that applied glycerin compared
to the group without glycerin application. Glycerin acts as a
surface coating which is applied to the surface of the compos-
ite resin prior to irradiation to reduce the formation of OIL.
This is because glycerin has stability in an atmospheric oxy-
gen medium which will minimize the occurrence of changes at
normal temperatures to glycerin’s bonds with surrounding ob-
jects (26).Glycerin will block the contact between free radicals
and oxygen (O2) so that a bond between the two is not formed.
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That way, free radicals with monomers can bind maximally.
Minimized OIL formation will make polymerization run op-
timally. In this research, glycerin prevented a greater decrease
in compressive strength, as evidenced by the higher average
compressive strength values of nanohybrid composite resins
with the application of glycerin in fermented milk immer-
sion,113.86 Nand Citric acidimmersion,195.29 Ncompared to
the compressive strength values of nanohybrid composite res-
in without glycerin application in fermented milk immersion,
71.14 Nand Citric acid immersion,132.00 N. Glycerin also has
a transparent color so it does not affect the light intensity and
irradiation distance during the polymerization process (31).

In addition, the results of the Independent T-Test on differenc-
es in the compressive strength of nanohybrid composite resins
based on immersion showed significant results. This shows that
immersion also affects the value of the compressive strength of
the composite resin. Based on the results of the research, the
average compressive strength in the group in fermented milk
immersion was lower than in the citric acid immersion group.
This occurs due to water absorption associated with food and
beverage intake (32).

Water absorption in composite resin subsequently causes
degradation of composite resins which involves the loss of
chemical structure in composites such as Bis-GMA. This is
due to various factors including hydrolysis and water-related
environmental influences (33).Yogurt is a dairy product that is
fermented in lactic acid bacteria. The formation of lactic acid
in yogurt plays a role in increasing acidity and decreasing the
pH value (26). In this study, yogurt was used with a pH of 4.5.

In the composite resin group immersed in fermented milk
(yoghurt), the H+ ions contained in the acidic nature of the
yogurt will react with the dimethacrylate monomer at the end
of the composite resin matrix which will cause instability in
the chemical bonds of the double chain, namely the double
bond carbon group (C =) on the polymer matrix resin. It has the
potential to dissolve the composite resin so that it has an im-
pact on the degradation of its components, marked by changes
in the microstructure of the composite resin which will form
pores and remove residual monomers which will cause a de-
crease in mechanical properties, namely compressive strength
(26).

In this study, it was concluded that there was a change in the
compressive strength of the nanohybrid composite resin after
the application of glycerin in fermented milk immersion. In
this case, the application of glycerin and the immersion in fer-
mented milk played a role in causing a change in the compres-
sive strength value of the composite resin.

Nanohybrid composite resin with glycerin application has a
higher compressive strength than without glycerin applica-
tion. In addition, nanohybrid composite resin immersed in
fermented milk will experience a decrease in compressive
strength compared to citric acid immersion.

However, low pH is not the only factor to cause degradation.
Other factors such as the type of acid, buffering effect, chelat-
ing properties of the acid can contribute to the rate of erosion
(28). Based on a study by Munchow et al (34), pH value is not
the only factor affecting composite degradation. Combination
between the materials that’s being immerse, solubility of the

materials and the solution, cross link properties of matrix resin,
and the amount of solution being absorb can alter the durabil-
ity of restoration materials. Citric acid in energy drink has a
low pH and has chelating properties to attract Calcium ions,
but there is a probability that the solubility between citric acid
BISGMA resin matrix has a higher difference, so the degrada-
tion rate is much slower (35).

CONCLUSION

Nanohybrid composite resin with glycerin application has a
higher compressive strength than without glycerin application.
In addition, nanohybrid composite resin immersed in
fermented milk will experience a decrease in compressive
strength compared to Citric acid immersion.
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