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ABSTRACT

Aim: This study assessed microleakage in class one cavities in premolar teeth treated with Nano-composites using Cention N

and Hydroxyapatite reinforced Glass ionomer cement as a base.

Materials and Methods: In Sixty premolars, Class | cavities, one-fourth the intercuspal distance wide and 0.5-1mm deep were
formed. Three groups were made. Group 1 received only Nano-Composites, Group 2, Nano-Composites with Cention N, and
Group 3, Nano-Composites with Hydroxyapatite reinforced GIC was used as a base material. After 24 hours in distilled water,
samples were undergone 5000 thermocycles at 5°C to 55°C. Samples were dried, and apical surfaces were sealed
and saved for a Imm wide zone around the restoration margins. Teeth were coloured with 2% Methylene blue. All the teeth

were longitudinally sectioned and examined under a microscope

Results: The least microleakage and internal gaps with GIC reinforced by Hydroxyapatite used as a base material (1.03+
0.832), followed by Nanocomposites. (2.08 + 1.347). However, the greatest microleakage was observed with Cention N when
used as a base (2.60 + 0.928). A strong positive correlation was also observed between microleakage and internal gap

formation.

Conclusion: Cention N demonstrated the maximum microleakage as a base material, followed by Nanocomposite. GIC with

Hydroxyapatite as a base material showed the least microleakage.
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INTRODUCTION

The restoration of occlusal cavities has been investigated for a
long time, depending on the specific clinical scenario and patient
requirements. (1) Amalgam has a long usage and therapeutic
efficacy history as a direct posterior restorative material. Due to its
longevity, low cost, and manufacturability, it remained the preferred
material for decades. (2, 3) However, due to the potential risk of
mercury toxicity, bioelectric currents in the oral cavity, corrosion,
failure to attach to the tooth structure, recurring caries, undesirable
dark grey stains on the teeth, and soft tissue, its use has been
fundamentally replaced. In addition to the supposed negative
effect, its inferior aesthetic look is the greatest downside. This
resulted in the creation of several tooth-coloured restorative
materials. (4, 5)

Due to the increasing demand for esthetic restorations,
dentists worldwide have widely used dental composites. However,
these resins have aesthetic, functional and biocompatible
advantages over amalgams as restorative materials and can be
used in posterior and anterior applications. Composite resin is a
feasible alternative to amalgam for posterior restorations since it is
non-metallic, mercury-free, electrically and thermally inert, and
attaches directly to hard tooth tissues. They are technique-
sensitive but provide a superior seal and satisfy the patient’s
aesthetic requirements. However, their application in a wider cavity
remains difficult due to their major problem of polymerization
shrinkage, which results in the formation of gaps and consequent
microleakage. (6, 7)

The incremental placement technique, the use of low
shrinkage composite resins, the soft-start polymerization method,
and the placement of base materials such as flowable composites,
polyacid-modified resin composites, and an intermediate bonding
base material have been advocated as solutions to this problem.
Using nano-technology, low-shrinkage composite resins have been
produced to boost the durability of restorations. (8, 9) Nanohybrid
composites employ a novel nanofiller technique that blends the
hybrid’s strength with the microfill's aesthetic appeal. The binding
strength and mechanical properties of nanohybrid composites are
much greater than those of traditional composites. (10) However,
polymerization shrinkage remains the most significant
disadvantage of resin composites. (11)

Due to its unique qualities such as chemical attachment to
the tooth structure, fluoride release, good sealing ability,
decreased shrinkage values, and almost acceptable esthetics,
conventional Glass ionomer cement (GIC) is regarded as the gold
standard for usage in “sandwich technique.” (12) However, its
primary disadvantage is its susceptibility to moisture, which leads
to water absorption and hygroscopic expansion, leading in the
creation of cracks, cement deterioration, and microleakage. (13)

In order to address these limitations, hydroxyapatite-
reinforced GIC cements were introduced recently. The
hydroxyapatite nanoparticles have been incorporated with GIC to
increase its fluoride ion release, compressive strength, and
antibacterial activity. (14) In addition, Cention N, a new type of
metal-free filling material with tooth-colored aesthetics and superior
flexural strength, has been released. Cention N is a restorative
substance that belongs to the subgroup of composite resins known
as “Alkasites” and is used as a direct restorative material. (15, 16)
Microleakage measurement is the most significant test parameter
for determining the success and durability of any restoration.
Dimensional variations or a failure of adaptation of the
filling material may result in microleakage. (16) This microleakage
may cause change of color around the margins, penetration of the
microorganisms, develeopment of secondary carious lesions,
eventually resulting in the failure of the restoration. Furthurmore,
microleakage may also irritate the dental pulp. (17)

This study’s objective was to investigate Microleakage in
Nanocomposites with or without the use of hydroxyapatite-
reinforced Glass ionomer cement and Cention N as a base
material in an in-vitro study.

MATERIALS AND METHODS

In the Department of Conservative Dentistry and Endodontics,
College of Dentistry, Qassim University, a comparative in vitro
study was undertaken. The Research Ethical Committee approved
the study (No. EA/F-2019-3011). Sixty intact, freshly extracted,
non-caries permanent human premolar teeth were used. The study
excluded teeth having caries, root resorption, fracture lines, and
cracks. The extracted teeth were kept in distilled water until the
start of the experiment. The teeth were cleaned using an ultrasonic
scaler. Class | cavities were created without bevels using a high-
speed handpiece with a width of roughly one-fourth of the
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intercuspal distance and a depth of 0.5-1mm below the dentino-
enamel junction. To confirm regularity in cavity size William’s
graduated probe was used to evaluate the cavity depth. Cavities
were then extensively cleaned with phosphoric acid gel (cica)
containing 35% phosphoric acid for 15 seconds to remove debris
and smear layer, washed with water spray for 10 seconds, and air-
dried. A bonding agent (3M AdperTM) was used, followed by 20
seconds of light-curing (Densply, QHL75). Premolars were then
randomly categorized into three groups of 20 based on the
following criteria:

Group 1: The Nano-hybrid composite (Tetric N-Ceram) was
applied using an oblique incremental approach, and each layer
was cured for 20 seconds. However, the last coat was cured for 40
seconds. Under the composite, a single bond universal adhesive
(3 M ESPE) was applied and cured for 15 seconds.

Group 2 — Nano-composites with Cention N (as a Base); Cention®
N was prepared as instructed, applied to a 1mm base, and cured
for 40 seconds. Afterwards, the insertion of Nano-hybrid composite
followed the application of bonding substance.

Group 3 - Nano-composite with Hydroxyapatite-Reinforced GIC
(as the Base): A 1 mm thick layer of self-curing Micron Bioactive
Hydroxyapatite Modified-Glass lonomer Cement was mixed per
the manufacturer’s instructions and applied. Two measuring
scoops of powder and two to three drops of Liquid were combined
to create a putty-like consistency. Then, bonding material was
applied, followed by the Nano-hybrid composite.

To simulate the clinical condition and to eliminate inter-
examiner error, all preparations and restorations were performed
by a single operator. Additionally, a double-blind sampling method
was applied. The operator colour-coded all samples so that neither
the lab technician nor the score reader could determine the
material used. Afterwards, the restorations were completed and
polished using diamond burs and soflex discs.

After restoration, the samples were held for 24 hours in
distilled water at 37 degrees Celsius. To simulate the oral cavity,
samples were treated to 5000 cycles of thermocycling in the range
of 5°C and 55°C water baths with a 20-second rest duration in
each bath. After thermocycling, the samples were dried, and the
apices of the teeth and all surfaces were coated with acrylic,
except for a 1mm wide zone surrounding the margins of each
restoration. The teeth were then put in 2% Methylene blue dye for
24 hours. After that, they were put in water for five minutes

Using a slow-speed, water-cooled diamond disc, the
samples were longitudinally sectioned in the mesio-distal direction,
congruent with the restoration’s center. The two parts of each tooth
that exhibited dye penetration were selected and analyzed using a

digital microscope (HIROX KH-7700) at magnifications ranging
from 1X to 7000X (field of view from 340mm to 0.049mm). A total
of 40 longitudinal sections were analyzed. The maximum degree of
dye penetration was measured based on the following scoring
criteria (ISO/TS 11405-2003): (Table 1). (18)

Table 1: Testing of adhesion to tooth structure criteria

Score | Testing of adhesion to tooth structure criteria

0 No dye penetration

1 Dye penetration into the enamel part of the cavity wall

2 Dye penetration into the dentin part of the cavity wall but not
including the pulpal floor of the cavity

3 Dye penetration including the pulpal floor of the cavity

To ensure process standardization, a single lab worker
performed all laboratory operations. The statistical analysis was
conducted using SPSS 21.

RESULTS

In Nano-Composite (Control Group) mean microleakage score was
found to be 2.08+1.347 (P= 0.086). However, for the Cention
group, it was 2.60+ 0.928 (P =0.086), and for Hydroxyapatite
reinforced GIC mean value calculated was 1.03+0.832 (P<0.05). A
P-value less than 0.05 was considered as statistically significant.
(Table 2)

Table 2: Mean Microleakage score and standard deviation between different

roups

Groups N Mean | Std. Pvalue | F
Deviation Anova

Nano 40 2.08 1.347 0.086

Composite(Groupl)

Cention N (Group 2) 40 2.60 .928 0.086 22915

Hydroxyapatite 40 1.03 .832 <0.001* '

Reinforced GIC

(Group 3)

Table 3 displays the inter-group comparison of the
frequency distribution of various microleakage scores by using the
Chi-Square Test. The three groups had a significantly different
number of sample units in different categories with respect to
depth of penetration as seen in the Frequency distribution graph
[Graph 1] (P < 0.05).

Overall, the maximum sample unit 61 (50.83%) showed a
microleakage score of 3, most of which belonged to Group 2.
Maximum sample units showed scores 0 in Group 1, score 1 in
Group 3, score 2 in group 2, and score 3 in group 3, respectively.

Table 3: Inter-group comparison of the frequency distribution of various microleakage scores

score 0 score 1 score 2 score 3 Chi -Square Value
P- value

Nano Composite 11 1 2 26

(28%) (3%) (5%) (65%)
Cention N 4 0 4 32

(10%) (0%) (10%) (80%) 71.513 <0.0001*
GIC Reinforced hydroxyapatite 9 26 2 3

(23%) (65%) (5%) (8%)

DISCUSSION

Microleakage is a common problem with dental fillings.
Microleakage measurement is the most important parameter for
determining any restoration’s success and long-term effectiveness.
(16) Microleakage can result in marginal discolouration,
postoperative sensitivity, bacterial infiltration, secondary caries,
restorative failure, and pulpal irritation. (19) It may not cause
immediate damage or symptoms but could lead to consequences
in the near future if not remedied on time.

The incremental placement technique, the use of low
shrinkage composite resins, the soft-start polymerization method,
and the placement of base materials such as flowable composites,
polyacid-modified resin composites, and an intermediate bonding

base material have been advocated as solutions to this problem.
(6, 7, 20)

In the current in vitro investigation, Class | cavities were
made and filled with imitating clinical conditions characterized by
maximum polymerization shrinkage, resulting in microleakage with
composites due to a high C-factor. To simulate the oral cavity,
each sample was treated with 5000 cycles of thermocycling
between 5°C and 55°C water baths.(21)

In the present investigation, microleakage was measured by
scoring procedures outlined in ISO/TS 11405-2003 in order to
identify the maximum degree of dye penetration. In addition, 2
percent of Methylene blue dye was utilized. “ISO 11405:2003
Scoring techniques provide information on substrate selection,
storage, and handling and the basic aspects of several test
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procedures for evaluating the integrity of the adhesive connection
between restorative dental materials and tooth structure, i.e.
enamel and dentine. It defines two tests for measuring bond
strength (tensile and shear), a test for measuring marginal gaps
around fillings, and a microleakage test and providing
recommendations for clinical usage tests for such materials. It also
provides particular test procedures for measuring bond strength *“.
(18)

Moorer and Kersten discovered that the most frequently
employed leakage dye was methylene blue, whose molecular size
is comparable to that of a tiny bacterial metabolic product with a
corresponding molecular size. Methylene blue is a dye with low
molecular weight and great penetrability.(22)

The base material with the greatest microleakage (dye
penetration) was Cention N, followed by bulk filed Nano
Composite. GIC reinforced by hydroxyapatite group, when
employed as a base, exhibited the lowest microleakage (dye
penetration). In contrast to prior research, where Cention N
depicted the least microleakage, the present study demonstrated
the highest microleakage (dye penetration) with Cention N when
utilized as the base material. (23, 24) This can be attributed to the
fact that Cention N was used as a bulk fill and direct restorative
material in earlier studies. As per our knowledge, no studies were
done before using Cention N as a base material.

GIC reinforced by Hydroxyapatite was associated with the
lowest microleakage. Hence, it was more dependable than the
other two materials and fitted exceptionally well to the tooth
structure. It displayed superior performance as compared to the
other two materials when used to restore class | cavities.
Moreover, the use of GIC reinforced with Hydroxyapatite has been
recommended by prior research. (15) Incorporating various weight
percents of nano-hydroxyapatite powder (HA) into GIC cement
increases fluoride ion release and improves the material's
compressive strength and antibacterial characteristics.

Since the current investigation is lab-based, with a limited
sample size, future in- Vivo studies are recommended to
substantiate these results. In forthcoming studies, along with
higher sample size, important clinical parameters such as
restorative strength, durability, and marginal adaptability must be
evaluated.

CONCLUSION

Cention N used as base material showed the maximum
microleakage followed by Nanocomposite when used as a direct
restorative material. However, GIC reinforced by Hydroxyapatite
used as a base material is the most promising material as it
depicted the least microleakage.

REFERENCES

1. Worthington HV, Khangura S, Seal K, Mierzwinski-Urban M, Veitz-
Keenan A, Sahrmann P, et al. Direct composite resin fillings versus
amalgam fillings for permanent posterior teeth. Cochrane Database
of Systematic Reviews. 2021(8).

2. Broadbent J, Murray C, Schwass D, Brosnan M, Brunton P, Lyons K,
et al. The dental amalgam phasedown in New Zealand: A 20-year
trend. Operative dentistry. 2020;45(3):255-64.

3. Lynch CD, Farnell D, Stanton H, Chestnutt I, Brunton P, Wilson N. No
more amalgams: Use of amalgam and amalgam alternative materials
in primary dental care. British dental journal. 2018;225(2):171-6.

4. Sarhaadei E, Najafi F, Akbari B. Assessing two dominant methods of
dental composites linear polymerization shrinkage management:
macromonomers and prepolymerized fillers. Polymer Bulletin.
2021:1-23.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Paolone G, Scolavino S, Gherlone E, Spagnuolo G. Direct Esthetic
Composite Restorations in Anterior Teeth: Managing Symmetry
Strategies. Symmetry. 2021;13(5):797.

Ghajari MF, Ghasemi A, Moradi AY, Sanjari K. Fracture resistance of
pulpotomized and composite-restored primary molars: Incremental
versus bulk-fill techniques. Dental Research Journal. 2020;17(6):412.

Niranjan B, Shashikiran ND, Singla S, Thakur R, Dubey A, Maran S.
A comparative microleakage evaluation of three different base
materials in Class | cavity in deciduous molars in sandwich technique
using dye penetration and dentin surface interface by scanning
electron microscope. Journal of Indian Society of Pedodontics and
Preventive Dentistry. 2016;34(4):324.

Barot T, Rawtani D, Kulkarni P. Nanotechnology-based materials as
emerging trends for dental applications. Reviews on Advanced
Materials Science. 2021;60(1):173-89.

Hamama HH. Recent advances in posterior resin composite
restorations. Applications of Nanocomposite Materials in Dentistry.
2019:319-36.

Alzraikat H, Burrow M, Maghairen G, Taha N. Nanofilled resin
composite properties and clinical performance: a review. Operative
dentistry. 2018;43(4):E173-E90.

Lins R, Vinagre A, Alberto N, Domingues MF, Messias A, Martins LR,
et al. Polymerization shrinkage evaluation of restorative resin-based
composites using fiber Bragg grating sensors. Polymers.
2019;11(5):859.

Nematollahi H, Bagherian A, Ghazvini K, Esmaily H, Mehr MA.
Microbial microleakage assessment of class V cavities restored with
different materials and techniques: A laboratory study. Dental
Research Journal. 2017;14(5):344.

Vishnurekha C, Annamalai S, Baghkomeh PN, Sharmin DD. Effect of
protective coating on microleakage of conventional glass ionomer
cement and resin-modified glass ionomer cement in primary molars:
An In vitro study. Indian Journal of Dental Research. 2018;29(6):744.

Almuhaiza M. Glass-ionomer cements in restorative dentistry: a
critical appraisal. J Contemp Dent Pract. 2016;17(4):331-6.

Alatawi RA, Elsayed NH, Mohamed WS. Influence of hydroxyapatite
nanoparticles on the properties of glass ionomer cement. Journal of
Materials Research and Technology. 2019;8(1):344-9.

Olegério IC, Malagrana APVFP, Kim SSH, Hesse D, Tedesco TK,
Calvo AFB, et al. Mechanical properties of high-viscosity glass
ionomer cement and nanoparticle glass carbomer. Journal of
Nanomaterials. 2015;2015.

ERDEMIR U, YAMAN BC. Microleakage in Dentistry and
Microleakage Evaluation Techniques. European Oral Research.
2011;45(1):25.

ISO I. TS 11405: Dental materials—testing of adhesion to tooth
structure. Geneva, Switzerland: International Organization for
Standardization ISO Central Secretariat. 2003.

Sahadev C, Bharath M, Sandeep R, Remya M, Santhosh P. An-
invitro comparative evaluation of marginal microleakage of Cention-N
with bulk-FIL SDR and ZIRCONOMER: a confocal microscopic study.
Int J Sci Res. 2018;7(7):635-8.

Vanishree H, Shanthala B, Bobby W. The comparative evaluation of
fracture resistance and microleakage in bonded amalgam, amalgam,
and composite resins in primary molars. Indian Journal of Dental
Research. 2015;26(5):446.

Fabianelli A, Pollington S, Davidson CL, Cagidiaco MC, Goracci C.
The relevance of microleakage studies. Int Dent SA. 2007;9(3):64-74.
Kersten H, Moorer W. Particles and molecules in endodontic leakage.
International Endodontic Journal. 1989;22(3):118-24.

George P, Bhandary S. A comparative microleakage analysis of a
newer restorative material-An ex vivo study. IOSR J Dent Med Sci.
2018;17:56-60.

Sahu S, Ali N, Misuriya A, Vijaywargiya P, Saha SG, Bharadwaj A.
Comparative evaluation of microleakage in class | cavities restored
with amalgam, bulk-fill composite and Cention-N—An in vitro confocal
laser scanning microscope study. Int J Oral Care Res. 2018;6(1):S81-
S5.

402 PJMHS Vol. 16, No. 05, May 2022



