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Abstract

INTRODUCTION. Theincreasingdemand for esthetic dental treatments hasled to composite resinrestorations
becoming the primary material for posterior tooth restorations. However, polymerization shrinkage remains
challenging, leading to secondary caries and postoperative discomfort. Liners like resin-modified glass
ionomer cement, flowable composites, and lonosit-Baseliner can mitigate this issue.

AIM. To compare the effectiveness of three base liner materials — lonosit Baseliner, nano-filled flowable
composite, and resin-modified glass ionomer cement — in reducing microleakage in Class | cavities restored
with nano-hybrid composite resin.

MATERIALS AND METHODS. Sixty extracted premolars were prepared with standardized Class | cavities and
randomly assigned to three groups (n=20) based on the applied liner: (1) lonosit Baseliner, (2) nano-filled
flowable composite, and (3) resin-modified glass ionomer cement. Following liner placement, all cavities were
restored with a nano-hybrid composite in increments and light-cured. After thermocycling, specimens were
coated with nail varnish except for a 1 mm margin around the restoration and immersed in 2.5% methylene
blue dye for 24 hours. The teeth were then sectioned and examined under a stereomicroscope at x40
magnification. Microleakage was scored according to dye penetration depth. Data were analyzed using the
Kruskal-Wallis test and post-hoc Dunn’s test (p<0.05).

RESULTS. lonosit Baseliner demonstrated the lowest median microleakage score [0.00 (IQR: 0.00-0.75)],
which was significantly less than both the flowable composite group [2.00 (0.00-3.00), p=0.0291] and the
resin-modified glass ionomer group [2.50 (0.00-4.00), p=0.0106]. No significant difference was observed
between the flowable composite and resin-modified glass ionomer groups (p >0.9999).

CONCLUSIONS. Although none of the tested liners completely eliminated microleakage, lonosit Baseliner
provided significantly better marginal integrity compared to the other liners tested. This suggests that material
selection, particularly a liner with lower polymerization shrinkage and appropriate mechanical properties, can
improve the longevity and success of posterior composite restorations.
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Pe3ioMe

BBEOEHWE. PacTywnin cnpoc Ha acTeTndeckne CTOMAToNIorMyeckme npouenypbl NpuBes K TOMy, 4TO
KOMMO3UTHbIE CMOJIbl CTasIM OCHOBHLIM MaTtepuanom A pectaspaunm 3yboB B 3agHux otaenax. OgHako
nonMepmnsalmMoHHas ycajaka ocTaeTcs cepbe3Hoi Nnpobnemoi, Bbi3biBas pa3BuTUE BTOPUYHOIO Kapue-
ca 1 nocneonepaunoHHbin gnckomMmepopT. lNoaknagoyHbie MaTepuansl, Takme Kak MoauduumpoBaHHbIN
CMOJIO CTEKNONOHOMEPHbLIN LEMEHT, TeKy4me Komno3uTtbl 1 lonosit Baseliner, MOryT nomoyb B peLieHumn
aTon Npobnemsl.

LIE/Ib. CpaBHUTbL 3dPEKTMBHOCTL TPEX NOAKIAA04YHbIX MaTepmanos — lonosit Baseliner, Teky4yero komno-
31UTa C HAHOHAMNOMHUTENEM N MOANDULMPOBAHHOIO CMOJION CTEKSIOMOHOMEPHOIO LLEMEHTA — B CHUXEHUN
MWKPOMPOHULLIAEMOCTU B NONOCTAX | kKnacca, BOCCTAHOBIEHHbIX HAHOMMBPUAHON KOMAO3UTHO CMOJIONA.
MATEPUAJIbI MU METO/LbI. LUecTbaecaT yoaneHHbIXx NPeEMONSPOB OblIM NOATOTOBEHbLI C UCMOJIb30BAHUEM
CcTaHOapTHbIX NonocTen | knacca u cnyvyanHbiM 06pasoM pasaeneHsl Ha Tpu rpynnbl (1 =20) B 3aBUCMMOCTU
OT NPUMEHSAEMOro nogknagoyHoro matepuana: (1) lonosit Baseliner, (2) Teky4uin KOMNO3MUT C HAHOHAMO-
HuTenem, (3) MmoanduULMPOBaHHbBIN CMONION CTEKJIOMOHOMEPHBLIN LeMeHT. locne HaHeceHus noaknaaku
BCE NOJIOCTU BOCCTAHABNMBAINCb HAHOTMOPUAHO KOMNO3UTHOM CMOJIOM MOCNOMHO C NocfieayoLwen no-
nmepusauueli ceetoM. locne TepMoumnKIMpoBaHms 06pasLbl NOKpbIBAIN 1akoM, ocTaBnsas 1 MM No kpato
pecTaBpauum, n norpyxanu B 2,5% pactBop METUIEHOBOIO CUHENO KpacuTens Ha 24 yaca. 3atem 3yObl
paspesanu n uccnenoBanu nog cTepeoMmnKpocKonom ¢ ysenmieHmem x40, MMkponpoHNLLaeMOCTb OLLEHU-
BaJin no rny6|/|He NMPOHNKHOBEHNA KpacuTtenqd. ﬂ,aHHbIe aHann3npoBasim ¢ NCNoNb3oBaHMEM TeCcTa prCKa-
na-Yonnuca n noct-xok tecta JaHHa (p < 0,05).

PE3YJIbTATHI. lonosit Baseliner npooeMoHCTpMpOBan HauMEHbLUWA MeOWaHHbIM Moka3aTenb MUKPO-
npoHuuaemoctun [0,00 (IQR: 0,00-0,75)], 4To 6bINO 3HAYUTENILHO HUXE, YEM B rpynmne ¢ TeKy4nm KOM-
no3mtom [2,00(0,00-3,00), p=0,0291] n rpynne ¢ mMoandPUUNPOBAHHBLIM CMOJIO CTEKJIOMOHOMEPOM
[2,50 (0,00-4,00), p=0,0106]. 3Ha4YMMBbIX pasnuynin Mmexay rpynnamm ¢ TeKy4mmMm KOMNO3mMToM u Mmoandu-
LLMPOBAHHbLIM CTEKJIOMOHOMEPHbIM LLEMEHTOM He BbiSiB/IEHO (p >0,9999).

BbIBObl. HecmMOTps Ha TO, 4TO HM OAMH N3 NPOTECTMPOBAHHbLIX MATEPUAJIOB MOJSIHOCTLIO HE YCTPaHWUI MU-
KpOnpoHuLLaeMocTb, lonosit Baseliner o6ecneunn 3Ha4ynTeNbHO NyYLLYO KPaeBylo LLeNIOCTHOCTL N0 CpaBHe-
HUIO C ApYrMMmn nogknaakamn. 9To CBUAETENbCTBYET O TOM, YTO BbIOOP MaTepmana, B 4HaCTHOCTW NOAKNaaAKN
C MUHUMAJIbHOM NONMMEPU3ALMOHHOM yCaaKom U COOTBETCTBYIOLWMMN MEXAHNYECKUMU CBONCTBAMU, MOXET
NMOBbLICUTb A0JIFOBEYHOCTb U yCrex pecTaBpaumini 3aaHnx 3y6oB.

KnioueBble cnoBa: KOMMNO3UTHbLIE CMOJIbl, MOArOTOBKA 3YOHbLIX MOSIOCTEN, CTEK/IOMOHOMEPHbLIE LIEMEHThI,
MUKPOMPOHMLLAEMOCTb, HaHOrMGpKa, NoNMMepusaumns

UHdopmauumsa o ctatbe: noctynuna — 29.11.2024; ncnpaenena — 09.01.2025; npunara — 11.01.2025
KOoHGAUKT nHTepecoB: aBTOPblI CO0OLLAOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: GMHAHCUPOBAHWE U MHAMBUAYaNbHblE 6NarofapHOCTY ANs AeKNapupoOBaHUs OTCYTCTBYIOT.
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INTRODUCTION

The growing demand for esthetic dental treatments
has led to composite resin restorations becoming the
preferred choice for replacing failed amalgam resto-
rations and as the primary material for posterior tooth
restorations. Recent advancements in composite
resins have significantly enhanced their mechanical
properties, wear resistance, and esthetic appeal [1].
However, one of the main challenges with composite
resins remains polymerization shrinkage. During light
curing, resin monomers shrink by 1.67% to 5.68%,
generating internal stress within the material. This
shrinkage stress can lead to cuspal deflection, enamel
fracture, marginal discoloration, and microleakage,
which are major factors contributing to secondary
caries and postoperative discomfort. Minimizing po-
lymerization shrinkage remains a critical area of re-
search in restorative dentistry [2].

The use of liners has emerged as an effective stra-
tegy to mitigate the effects of polymerization shrin-
kage. Resin-modified glass ionomer cements, often
used as a base, offer improved mechanical strength
and quicker setting times while being less technique-
sensitive. Their use as liners under composite restora-
tions has been shown to reduce polymerization shrin-
kage, potentially minimizing microleakage and the risk
of secondary caries [3]. Flowable composites are also
commonly used as base or liner materials due to their
higher organic matrix content, which improves their
flow characteristics. However, this also leads to greater
polymerization shrinkage compared to hybrid compo-
sites. Despite this, their lower Young’s modulus allows
them to absorb internal stresses more effectively, ma-
king them a viable option to help control shrinkage
stress during curing which can in turn reduce the mi-
croleakage [4]. lonosit-Baseliner, a newer base liner
material, combines the beneficial properties of both
glass ionomers and composites, also known as com-
pomers. According to the manufacturer, lonosit-Base-
liner has an expansion rate of approximately 1%, which
can counterbalance the shrinkage stress of overlying
composite resins, potentially enhancing marginal in-
tegrity and reducing the microleakage [5].

This laboratory-based study seeks to compare the
effectiveness of resin-modified glass ionomer cement,
flowable composite, and lonosit base liners in redu-
cing microleakage in Class | cavities restored with nano-
hybrid composite resins, using dye penetration tests to
assess the marginal integrity. While few previous studies
have examined the comparative effects of these three
lining materials, this research seeks to provide insights
into their relative performance in reducing microleakage.

MATERIALS AND METHODS

Selection of Teeth. Sixty premolars, extracted for
orthodontic purposes, were chosen for this study. The
teeth were thoroughly cleaned and preserved in a 0.5%
chloramine solution at 4°C until required for experimen-
tation. Each tooth was inspected under x10 magnifica-
tion with an optical microscope to confirm the absence
of cracks, defects, or caries.
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Cavity Preparation. Standardized Class | cavi-
ties were prepared on each tooth using a high-speed
handpiece with water coolant. The cavity dimensions
were approximately 4 mm in width, 2 mm in height, and
1.5 mm in depth. The cavosurface margins were de-
signed with butt joint with rounded internal line. A new
bur was employed after every five cavity preparations to
maintain consistency. AWilliam’s periodontal probe was
utilized to verify the cavity dimensions.

Restorative Procedure. The tooth samples were
randomly divided into three groups (n=20) based on
the liner materials applied as per the manufactures di-
rections:

Group 1: A 1 mm layer of lonosit Baseliner was ap-
plied to the pulpal floor and cured for 40 seconds.

Group 2: A 1 mm layer of nano-filled flowable com-
posite was applied, then cured for 20 seconds.

Group 3: A 1 mm layer of light-cured resin-modi-
fied glass ionomer cement was applied and cured for
20 seconds.

After the liner was applied, each cavity was restored
incrementally with a nano-hybrid composite, which was
cured for 20 seconds per increment.

Marginal Microleakage Evaluation. The resto-
rations were polished 24 hours after placement using
finishing diamond burs and sequential abrasive disks
(Sof-Lex, 3M ESPE). The specimens were subsequently
stored in distilled water at 37°C for seven days before
being subjected to 800 thermal cycles between 5°C and
55°C, with a 30-second dwell time for each cycle. Each
specimen was coated with two layers of nail varnish,
leaving a 1 mm margin around the cavity edges. Sticky
wax was applied to the apex, and the specimens were
then immersed in a 2.5% methylene blue dye solution
for 24 hours at 37°C. After dye immersion, each speci-
men was rinsed with tap water, and the nail varnish was
removed using a BP blade. The specimens were longi-
tudinally sectioned through the center buccolingually
of each restoration using a water-cooled, low-speed
diamond disc. The sectioned halves of the teeth were
then examined under a stereomicroscope at x40 mag-
nification to evaluate microleakage. The linear diffusion
of the dye from the external margin was measured for
each sample. The extent of microleakage was recor-/
ded based on the penetration of dye between the tooth
structure and the restoration, and scored according to
the established criteria as follows:

Score 0: No leakage visible.

Score 1: Dye penetration along the cavity wall, less
than half the cavity depth.

Score 2: Dye penetration along the cavity wall, more
than half the cavity depth.

Score 3: Dye penetration reaching and spreading
along the axial wall.

Figure 1 depicts the stereomicroscopic evaluation
for the three study groups.

Statistical Analysis. The results were statistically
analyzed using the Kruskal-Wallis test, followed by post-
hoc Dunn’s test for pairwise comparisons between
groups, as the scores were ordinal. A significance level of
p<0.05 was applied for the statistical analyses.
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Fig. 1. Microleakage assessment using a stereomicroscope for: A — group I: lonosit base liner; B — flowable

composite; C - resin modified glass lonomer cement

Puc. 1. OueHka MMKPOMPOHULLAEMOCTU C UCMOJIb30BAHMEM CTEPEOMMKPOCKOoNa ans: A — rpynnel I: 6a3oBoro
nanHepa lonosit; B — Teky4ero komnosuta; C — MoanduumpoBaHHOro CMOJION CTEKSIOMOHOMEPHOIO LLlEMEHTA

Table 1. Descriptive statistics (median and
interquartile range) and Inter-Group comparisons
of microleakage scores of the three study groups

Tao6nuua 1. OnucarenbHaga ctaTucTuka

(MeomaHa n MexkBapTUIIbHbIN pa3max)

1 MEXIPYNNOBbIE CPABHEHMNS MOKa3aTenemn
MWKPOMPOHULLAEMOCTU B TPEX UCCNEAYEMbIX FpyNnax

Groups Microleakage scores p-valuet
I(n=20) 0,00 (0.00-0.75)*
Il (n=20) 2.00(0.00-3.00)" <0.001*
Il (n=20) 2.50(0.00-4.00)"

Note: n — number of samples per group; T — analyzed by the
Kruskal Wallis test; § — analyzed by Friedman’s ANOVA test.
Different superscript letters indicate significant differences
between the pairs of cross-sectional levels for each study
group. * statistically significant (p<0.05)

lMpumedanus: n — konnyecTso 06pasuoB B rpynne; T — aHanns
NpPOBeAeH C ucnonb3oBaHmem Tecta Kpyckana-Yonnuca; § —
aHanmM3 NpoBeAEH C UCMONMb30BAHMEM OMUCMEPCUOHHOIO aHa-
nn3a dpugmana (ANOVA).

N
o
1

Number
of Specimens
>
1

0 Group | Group Il Group Il
Study Groups
Microleakage scores
() (| 2 3 4

Fig. 2. Distribution of Microleakage scores
for the study groups

Puc. 2. PacnpepeneHne nokasartenem
MUKPOMNPOHNLAEMOCTU ON1F UCCIeAyEeMbIX rpyrnn

dHdodoHmus
T

RESULTS

Group | demonstrated the least microleakage
scores with a median of 0.00 (IQR: 0.00-0.75), fol-
lowed by Group 11 [2.00 (IQR: 0.00-3.00)] and Group I
[2.50 (IQR: 0.00-4.00)]. Pairwise comparisons re-
vealed significant differences between Group | and
Group Il (p=0.0291) and between Group I and Group llI
(p=0.0106), while no significant difference was ob-
served between Group Il and Group Il (p>0.9999). The
median scores have been tabulated in Table 1 and the
distribution of scores has been illustrated in Figure 2.

DISCUSSION

Composite materials have evolved from macrofilled
to microfilled formulations, and more recently, hybrid
and novel filler systems like nanohybrids, true nano-
composites, and nanoclusters have been introduced.
During the curing of resin composites, polymerization
shrinkage occurs, leading to the generation of con-
traction stresses. The extent of this shrinkage and the
resulting stress are critical factors that lead to clinical
problems like postoperative sensitivity, inadequate
marginal fit, and the recurrence of caries. Polymeriza-
tion shrinkage is affected by several factors, such as the
filler content, the nature of the filler particles, and the
type of monomer systems used [6; 7].

This study employed standardized Class | cavities,
considering the “C-factor” — the ratio of bonded to un-
bonded surfaces, which has a significant impact on po-
lymerization shrinkage. Additionally, all specimens were
subjected to thermocycling to simulate oral environ-
mental conditions, thereby enhancing the effectiveness
of the study in detecting microleakage [8].

Incorporating an “elastic” base or liner material
has been proposed as a potential solution overcome
the limitation of composites Materials like resin-modi-
fied glass ionomer cement, flowable composites, and
lonosit base liner have a lower modulus of elasticity,
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which makes them more flexible and able to undergo
plastic deformation, reducing the effects of polymeriza-
tion shrinkage. The natural flow and capacity of these
molecules to adjust their positions and orientations help
offset the stresses from polymerization shrinkage, thus
supporting the integrity of the adhesive bond. This study
aimed to evaluate the effectiveness of these three base
liners in mitigating microleakage under Filtek Z350XT,
a nanofilled composite recognized for its high compres-
sive strength with reduced polymerization shrinkage,
was consistently used as the standard material across
all groups [9].

Microleakage is generally examined using in vitro
models rather than in vivo techniques. The methods
employed for assessment can be categorized into tra-
ditional and modern approaches. Earlier techniques,
including air pressure, fluid filtration, electrochemical
analysis, neutron activation, bacterial penetration, and
artificial caries creation, were inadequate in accurate-
ly replicating microleakage scenarios. Consequently,
these have been largely replaced by more advanced
methods. Contemporaryapproaches, suchasdyepene-
tration and radioisotope techniques, are often coupled
with stereomicroscope analysis [10]. In this study, the
dye penetration method was utilized to evaluate micro-
leakage due to its advantages, including the absence of
reactive chemicals or radiation exposure and the avai-
lability of various dye options, which make it both practi-
cal and dependable. Among the dyes, methylene blue
is widely recognized for microleakage analysis because
its low molecular weight allows it to penetrate even the
most inaccessible areas effectively [11].

The current study employed a total-etch technique
for groups 1 and 2, which is in accordance with the fin-
dings of a similar study by Pattama et al. Their research
demonstrated that using a fifth-generation bonding
agent resulted in the total-etch system exhibiting lower
microleakage, with reduced dye penetration compared
to the self-etch system. This aligns with several previ-
ous studies showing that functional stresses play a im-
portant role in the degradation of adhesive bonds. Re-
peated mechanical loading causes micro-fractures and
cracks within the resin composite, and multi-step adhe-
sive systems have been found to perform better in vitro
tests than single-step adhesive systems [12].
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