ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 22(7): 4002-4007 (2026) ©Biomedical Informatics (2026)

OPEN ACCESS GOLD

a709 SS320V N3dO
OPEN ACCESS GOLD

OPEN ACCESS GOLD

IO www.bioinformation.net
INFORMATICS Volume 22(7)

Received July 1, 2026; Revised July 31, 2026; Accepted July 31, 2026, Published July 31, 2026

Research Article

DOI: 10.6026 /973206300224002
SJIF 2026 (Scientific Journal Impact Factor for 2026) = 8.478
2022 Impact Factor (2023 Clarivate Inc. release) is 1.9

Declaration on Publication Ethics:

The author’s state that they adhere with COPE guidelines on publishing ethics as described elsewhere at https:// publicationethics.org/. The authors
also undertake that they are not associated with any other third party (governmental or non-governmental agencies) linking with any form of
unethical issues connecting to this publication. The authors also declare that they are not withholding any information that is misleading to the
publisher in regard to this article.

Declaration on official E-mail:
The corresponding author declares that lifetime official e-mail from their institution is not available for all authors

License statement:
This is an Open Access article which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
credited. This is distributed under the terms of the Creative Commons Attribution License

Comments from readers:
Articles published in BIOINFORMATION are open for relevant post publication comments and criticisms, which will be published immediately
linking to the original article without open access charges. Comments should be concise, coherent and critical in less than 1000 words.

Disclaimer:
Bioinformation provides a platform for scholarly communication of data and information to create knowledge in the Biological/Biomedical domain
after adequate peer/editorial reviews and editing entertaining revisions where required. The views and opinions expressed are those of the author(s)
and do not reflect the views or opinions of Bioinformation and (or) its publisher Biomedical Informatics. Biomedical Informatics remains neutral and
allows authors to specify their address and affiliation details including territory where required.
Edited by Rashmi Laddha
E-mail: drrashmirdaga@gmail.com
Citation: Singh ef al. Bioinformation 22(7): 4002-4007 (2026)

Snowplow technique affecting shear bond strength
of nanohybrid composite using various lining
techniques: An in vitro study

Arohan Singh?, Sakshi Agarwal?, Sanjeev Srivastava®*, Saraswati Sachan* & Pragyan Paliwal>

Department of Conservative Dentistry and Endodontics, Sardar Patel Post Graduate Institute of Dental and Medical Sciences,
Lucknow, Uttar Pradesh, India; *Corresponding author

Affiliation URL:
https:/ /sppgidms.org/

Author contact:
Arohan Singh - E-mail: arohansingh@gmail.com; Phone: +91 9450093920

4002



ISSN 0973-2063 (online) 0973-8894 (print)

Bioinformation 22(7): 4002-4007 (2026) ©Biomedical Informatics (2026)

Sakshi Agarwal - E-mail: sakshiagarwal1161996@gmail.com; Phone: +91 843309597
Sanjeev Srivastava - E-mail: sanjeevsrivastava409@gmail.com; Phone: +91 9415064214
Saraswati Sachan - E-mail: saraswatisachan90@gmail.com; Phone: +91 9918648816
Pragyan Paliwal - E-mail: pragya.plwl@gmail.com; Phone: +91 9454288772

Abstract:

Based on the significance of adhesion during restoration procedure this in vitro study evaluated the shear bond strength of
nanohybrid composite using various lining materials with Snowplow technique. Hence, forty-eight premolars were subjected to
shear bond strength testing using a universal testing machine. Results were statistically evaluated using ANOVA and Tukey’s post
hoc test. Group D with compomer showed the highest shear bond strength which was 26.10 + 1.54 MPa followed by Group C
(Giomer) with a shear bond strength of 13.71 + 0.75 MPa, Group B (RMGIC) had shear bond strength of 7.46 + 0.33 MPa and Group A
(No liner ) showed the least shear bond strength of 5.72 + 0.56 MPa. Thus, data shows the utilizing different liners with Snowplow
technique can increase the bond strength of nanohybrid composite.

Keywords: Flowable compomer, giomer, nanohybrid composite, Resin-Modified Glass Ionomer Cement (RMGIC), shear bond

strength, universal testing machine

Background:
Innovations in the field of restorative dentistry led to the new
aeon in the advancements of restorative composite resin
material. The concept of the aesthetic restorations has come into
existence. Composites revolutionised restorative dentistry, it has
acceptable physical and mechanical properties and acceptable
aesthetics [1]. However, it had poor strength, poor wear
resistance, high polymerisation shrinkage, microleakage and
staining. The initial composite resin matrix was Bisphenol
Glycidyl methacrylate and urethane dimethacrylate was viscous
and blending of filler particles was difficult, so TEGDMA other
matrix were added having lower viscosity. The mixture of two of
these three resins provides appropriate viscosity needed for
binding of filler particles. The increase in TEGDMA substantially
increases the polymerization shrinkage [2]. Fillers are added
which increases strength, rigidity and hardness. However, they
have poor mechanical resistance & wear resistance, since the
researchers try to improve and sort out this problem
microhybrid, macrohybrid and nanohybird came into existence.
In this the filler size is decreased. This enhances wear resistance
& mechanical resistance, but adaptability and polymerisation
shrinkage still the problem. In recent years, lot of revolution has
been made to overcome this drawback of adaptability, which led
to the development of the flowable composites. Flowable
composites with altered viscosities and high flowability improve
upon the handling characteristics of existing composites which
facilitates adequate adaptation at tooth-restoration interface [3].
However, as lesser number of fillers loading in the flowable
composite the polymerization shrinkage is still a challenge and
has to be encountered. In layering technique, the polymerization
shrinkage of each layer is compensated by the next layer. The
extent of polymerisation decreases but adaptability still remains
the problem so the flowable composite is taken but when cured
the polymerization shrinkage take place. To avoid this uncured
flowable composite is used as liner below the packable
composites So that adaptability is increased and polymerisation
shrinkage is decreased. The new technique has been evolved
which enhances the adaptability, stabilization and retention of
the restoration. Snowplow technique has recently been

. S
introduced in which first an uncured flowable liner is placed and
a packable composite is then placed on top of uncured flowable
material. This technique leads to better adaptability due to
hydraulic pressure from the overlying packable composite resin
layer [4]. The flowable composite is pushed into a thin layer and
extra material flows outside the margin. The thin layer of
flowable composite left decreases polymerisation shrinkage and
enhances the bonding at the adhesive interface leading to
decrease in chances of adhesive failure. In this study compomer
are used as a lining material to gain and enhance proper
adaption and adhesion of the composites to the dentin surface.
Compomer, also known as polyacid modified composite resin
show benefits of both glass ionomer and composite resins [5]. A
new class of hybrid composites named “Giomer” has been
introduced, in which glass fillers are inserted into a resin matrix.
Polymerizable functional groups were added to conventional
Glass ionomer cement, which yielded resin-modified glass-
ionomer cements [6]. Therefore, it is of interest to evaluate the
influence of Snowplow technique on shear bond strength of
nanohybrid composite using various lining techniques with
ultimate aim is to enhance bonding adaption and adhesion to
dentin interface.

Methodology:

After ethical approval, 48 premolars were collected from the
Department of Oral and Maxillofacial Surgery, SPPGIDMS,
Lucknow. To minimize procedural and environmental bias, a
single operator sectioned all the teeth with a diamond disc and
straight handpiece.

Sample preparation:

The teeth were sectioned at the level of 2.5 mm from the coronal
cusp and root tip using a diamond disc with water coolant in
order to attain a uniform surface area. Sectioned teeth were
embedded in methacrylate base of size 177mm x 20 mm x 20 mm.
After 20 minutes, samples were carefully removed from the
mould die. The grinding of samples using 600 grit Sic sandpaper
was then done to expose maximum dentinal surface followed by
finishing.
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Bonding procedure:

The prepared surfaces were dried and Universal bonding agent
(Prime & Bond Universal adhesive, Dentsply Sirona) was
applied on the dentin surface and cured for 20 seconds.

A plastic tube of 3 mm x 2 mm (internal diameter x height) was
placed on each sample and randomly divided into four groups
according to uncured liner materials used.

[1] Group A: Control group (only packable composite)

(Spectra ST HV) (n=12)

[2] Group B: Resin modified GIC (GC gold Label I LC) (n=12)

[3] Group C: Giomer (Beautifil II) (n=12)

[4] Group D: Flowable compomer (Dyract) (n=12)

The plastic tubes were filled with uncured lining materials
according to the groups. This was followed by placement of
packable nanohybrid composite (SPECTRA ST HV) over the
lining material. Both were then cured using LED curing unit for
20 seconds. (Figure 1)

Shear bond testing;:
A shear bond strength test for every specimen was carried out
using Universal Testing Machine at a crosshead speed of 1
mm/min. Load at which failure occurred was then recorded in
MegaPascals (MPa).

Statistical analysis:

Data were summarised in Mean + SE (standard error of the
mean). Groups were compared by one factor analysis of
variance (ANOVA) and the significance of mean difference
between (inter) the groups was done by Tukey’s HSD (significant
difference) post hoc test after ascertaining normality by Shapiro-
Wilk’s test and homogeneity of variance between groups by
Levene’s test. A two-tailed (a=2) P < 0.05 was considered
statistically significant. Analysis was performed on SPSS
software (Windows version 22.0).

Results:

Group D (with Compomer) exhibited the highest mean shear
bond strength (26.10 MPa), followed by Group C (with Giomer)
(13.71 MPa), Group B (with Resin modified GIC) (7.46 MPa) and
Group A (5.72 MPa) which exhibited the lowest shear bond
strength. The ANOVA test showed that the difference was
statistically significant (P<0.001) (Figure 2). An Analysis of
Variance (ANOVA) revealed a statistically significant difference
in the mean shear bond strength among the groups (F=102.00, P
<0.001) (Table 2).

Table 1: Shear bond strength (MPa) of four groups

Group n Shear bond strength (MPa)
(Mean * SE)

CONTROL 12 5.72+0.56

RMGIC 12 7.46+0.33

GIOMER 12 13.71+0.75

COMPOMER 12 2610+1.54

Shear bond strength of four groups was summarised in Mean * SE (standard error of the
mean).

©Biomedical Informatics (2026)

Table 2: Comparison (P value) of difference in mean shear bond strength (MPa)
between groups by Tukey test

Comparison Mean q P 95% CI of
diff. value value diff.

CONTROL vs. RMGIC 1.74 1.90 P>0.05 1.72t0 5.19
CONTROL vs. GIOMER 7.99 8.74 P<0.001 4.53to11.44
CONTROL vs. COMPOMER 2038 2230 P<0.001 16.93 to23.84
RMGIC vs. GIOMER 6.25 6.84 P<0.001 280t09.71
RMGIC vs. COMPOMER 18.65 2040 P<0.001 15.19 to 22.10
GIOMER vs. COMPOMER 1239 1356 P<0.001 8.94t015.85

Figure 1: Final prepared sample for testing
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Figure 2: Mean shear bond strength of four groups.
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Figure 3: Comparisons of difference in mean shear bond
strength between four groups.
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Figure 4: Comparisons of difference in mean shear bond
strength between three groups.
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Figure 5: Comparisons of difference in mean shear bond
strength between two groups.

Discussion:

The main goals of adhesion are to attain a bond between the
restorative material and the tooth structure that should be
robust, long-lasting and predictable. The enhanced adaptation
promotes retention and stabilization of a restoration without
substantial removal of sound tooth structure. According to
Patras and Doukoudakis the composite resin cannot be easily
condensed into the cavity which in turn affects the adequate
adaptation of material to the preparation [7]. Ranjini et al.
concluded that due to inadequate cavity adaptation there is
incomplete marginal sealing and microleakage [8]. Strong
adhesion between the tooth and the restorative material reduces
polymerisation shrinkage stress which eventually reduces
chances of microleakage. As premolars are readily available and
frequently extracted for orthodontic reasons, therefore were
used to prepare the samples for our investigation. Additionally,
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they offer a large surface area for testing, according to Dugar et
al. [9]. The major concern of composite restoration after attaining
proper adaptability and adhesion is polymerization shrinkage
and the stresses at the interface between restoration and dentinal
wall causing debonding of the restoration from the cavity wall.
The shear bond strength was evaluated as strength to withstand
the internal stresses exerted due to polymerisation shrinkage.
Also, shear stress is regarded to simulate much of the clinical
circumstances and is comparatively easy to carry out. Since
shear stresses are the primary cause of dislodgment at the tooth
and restoration interface, better bonding between the material
and the tooth is determined by higher shear bond strength [10].
The main criterion behind the superior adhesion between the
interface of the material and cavity walls which leads to decrease
in gap at the tooth-restoration interface is good adaptation. To
overcome these drawbacks, many techniques have been
suggested such as incremental, injection moulding and
snowplow, among which Snowplow technique has been recently
introduced which, utilizes the use of uncured liner prior to
placement of restorative composite. Numerous novel low
viscosity restorative materials have also been developed to
lessen the occurrence of void formation and insufficient
marginal sealing; however, research has shown that these
materials were insufficiently successful in producing the
intended outcomes. To get over this issue and accomplish close
restorative adaptation to the dentinal surface, researchers have
proposed combining these novel materials with different lining
procedures. The composition of composites has significantly
improved over time, moving from macrofilled to nanofilled
and/or nanohybrid composites, which has improved the
composites' overall mechanical and physical qualities [11]. Better
clinical performance, longer lifespan and growing popularity of
composite resin restorations are also largely attributable to
advancements in adhesive technology and minimally invasive
surgical techniques. In our study, the universal adhesive was
used in all the groups to standardize the process of the study.
According to Bourgi ef al it overcomes the surface tension of
water and spreads across dentin and into dentinal tubules to
form an even, homogeneous layer. Upon air-drying, the solvent
and water evaporate together, leaving a consistent coating of
adhesive across the entire surface to ensure a strong bond [12].
In the present study, the mean shear bond strength was
maximum for Group D followed by Group C (13.71 £ 0.75 MPa),
Group B (7.46 £ 0.33 MPa) and was least in Group A (5.72 +
0.56MPa), which was statistically significant (Table 1) (Figure 2).
Group A (Control) showed the least mean shear bond strength
value (5.72 £ 0.56MPa) among all the tested groups (Figure 3).
This finding could be justified as packable composite, being
relatively a more viscous material shows poor adaptation to
dentinal walls and also creates high polymerisation shrinkage
stress at the adhesive interface when used alone leading to
potential microgaps, adhesive failure, or secondary caries. This
result was in accordance with the study by Rizk et al. who stated
that packable composite alone without intermediate material
demonstrated the highest microleakage gingivally [13]. Group D
(Compomer) showed the highest mean shear bond strength
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(26.10 £ 1.54 MPa) among all the experimental groups (Figure
3). This is due to the hermetic contact formed between
Compomer and the dentine surface which leads to the formation
of a strong bond at the resin-tooth interface. The result of this
study was found to be similar to the one conducted by Sahoo et
al. [14]. Compomer consist of a homogeneous distribution of the
inorganic fillers in the resin matrix which enhances strength by
reducing stress concentrations and preventing weak spots thus
providing mechanical reinforcement and thus enhances the bond
strength as advocated by Islam ef al. [15]. Moreover, Shafiei ef al.
stated that an ion exchange reaction between the carboxyl
groups of the compomer and calcium ions found in enamel and
dentin, leads to the formation of ionic cross-links that improves
adhesion and decreases the chances of microleakage at the
interface [16]. Group C (Giomer) showed lower bond strength
as compared to Group D (Compomer) (Figure 5), this is due to
high viscosity of Giomer which decreases its wettability and
adaptability thus decreasing its penetration into dentinal tubules
or in the gaps between collagen fibers causing less resin
microtag formation stated by Shetty et al [17]. Whereas, the shear
bond strength of Group B (RMGIC) was lower than Group C
(Giomer) (Figure 4). This is due to Giomer has a higher content
of pre-reacted glass fillers (81.5% by weight) which results in
densely packed fillers leading to improved stress distribution
and reduce localized stress at the adhesive interface thus
preventing premature failure and enhancing the shear bond
strength. Moreover, Jafari et al. stated in his study that Bioactive
glass included in the composition of giomers, dissolves upon
contact with biological fluids, allowing for a therapeutic ion
release like phosphate, fluoride, calcium, enhancing the capacity
to form apatite [18]. The ions released from bioactive glass
promote the remineralization of partially demineralized dentin
at the adhesive interface which stabilizes the hybrid layer and
prevents degradation maintaining the bond strength over time.
Research has indicated that the low flexural strength of RMGIC
is caused due to greater percentage of hydrophilic functional
groups present in the organic structure that result from the
setting reaction because RMGIC primarily uses HEMA or
modified HEMA monomers. They thus lose their mechanical
resistance to breaking and become flexible. The ionic bonding
that RMGIC primarily relies on with hydroxyapatite is weaker
than the combination of chemical and micromechanical bonding
that giomers exhibit. In this in vitro study, use of a low viscosity
lining material, Snowplow technique has shown an increase in
shear bond strength as compared to when composite was used
alone. Snowplow technique helped in enhancing the shear bond
strength and improved bonding to dentine. According to Franca
et al. placing a higher viscosity composite on uncured flowable
material would help to improve its penetration into dentinal
tubules due to hydraulic pressure of overlying heavier viscosity
composite, reducing voids resulting in better adaptation of
restorative material and therefore promotes sealing at the
borders [19]. The gap between the tooth-restoration interfaces
would be less if the flowable liner and overlying packable
composite layer were cured concomitantly. Moreover, Han et al.
concluded in his study that the uncured lining material also acts
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as a flexible intermediate layer that helps to relieve stresses
during polymerisation shrinkage of the restorative resin [20].
Snowplow technique provides better adaptation to the dentinal
wall which also helps in reducing chances of secondary caries
[21].

Conclusion:

We show that the use of uncured lining materials have shown
higher shear bond strength as compare to the lining material
which is cured before the placement of nanohybrid composites.
However, Group D (Compomer) showed the highest shear bond
strength as compared to other lining materials. Hence, utilizing
different lining materials and techniques for restoration can
increase shear bond strength of nanohybrid composite to dentin.

Advancement to knowledge:

This study provides novel evidence on the influence of different
sealer activation techniques on the dentinal tubule penetration of
a bioactive glass-based sealer. Unlike previous studies that
primarily focused on conventional or bioceramic sealers, the
present investigation specifically evaluates a bioactive glass-
based sealer using confocal laser scanning microscopy. The
findings demonstrate that ultrasonic activation significantly
enhances dentinal tubule penetration at all root levels compared
to sonic, lentulospiral and manual activation techniques. This
study highlights the importance of energy-driven activation
methods in overcoming the inherent high viscosity of bioactive
glass-based sealers, thereby improving their penetration
potential and sealing efficacy. The results offer clinically relevant
guidance for optimizing sealer placement protocols to enhance
the performance of bioactive sealers in endodontic therapy.
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