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Evaluation of Marginal Adaptation of Composite Restorations
Reinforced with Novel Enamel Inserts (Biofillers) in Class V
Cavities
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ABSTRACT

Aim and objective: To evaluate the marginal adaptation at the tooth-restoration interface at enamel and cementum margins using composite
restoration reinforced with novel enamel inserts/biofillers.

Materials and methods: Standardized class V box-shaped cavities were prepared in 40 extracted maxillary first premolar teeth which were
divided randomly into four experimental groups consisting of 10 samples each. Group I: Bulk placement. Groups II: Horizontal incremental
technique. Group lll: Restoration with precured composite balls (megafillers). Group IV: Restoration with biofillers. All the cavities were restored
with visible light-activated direct restorative nanocomposite. The specimens were thermocycled for 24 hours. After thermocycling, the samples
were immersed in a 1% methylene blue for 4 hours and subsequently evaluated for microleakage. Microleakage scores (0-4) were obtained from
gingival margins of class V restorations and analyzed by statistical analysis. Evaluation of the data was performed by Kruskal-Wallis one-way
analysis of variance (ANOVA), and Mann-Whitney U tests.

Results: Microleakage scores have indicated restorations with biofillers showed best results followed by megafillers, incremental horizontal

build-up, and bulk filling.

Conclusion: Biofillers provide a novel approach in improving microleakage and marginal adaptability of composite resin restorations.
Clinical significance: Incorporation of inserts, which are capable of adequate bonding to resin and tooth, may provide improved marginal

adaptability and reduce microleakage around restorative margins.
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INTRODUCTION

The ideal class V restorative for clinical use should have adequate
retention/bonding to tooth structure, resistance to fracture, easy
to use, and have good longevity. Most commonly used restorative
materials indicated in class V restorations are glass ionomer
cements, resin-modified glass ionomer cements, and composite
resins. Composites are the first choice of restoration due to their
superior esthetic and mechanical properties. Longevity of resin
composites is often difficult in cervical lesions owing to complex
tooth microstructure, local stress concentration, and wet restorative
environment. Polymerization shrinkage remains the major
drawback of composite resin restorations. Composite restorations
often fail due to microleakage and poor marginal adaptation as a
result of their inherent deficiency of polymerization shrinkage.!
Marginal adaptation is defined as the interfacial distance between
the eluted restoration and the tooth structure. The marginal
adaptation of composite resins can be improved by decreasing
polymerization shrinkage. Of the various methods used to reduce
polymerization shrinkage of composite resins, filler loading is widely
accepted and several fillers have been incorporated into composite
resins. Increased filler-resin ratio counters polymerization
shrinkage but adversely affects working properties of a composite.?
Alternatively, megafillers/inserts have been implicated in reducing
composite volume by 50-75%, with a concomitant reduction
in polymerization shrinkage and marginal microleakage.® The
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anatomy and flexural stresses in cervical area further challenge
the retention and adaptation of composite restorations in class V
cavities, where microleakage tends to be higher.* Cervical lesions
pose a significant challenge to retain composite resin restorations
demanding appropriate restorative material, technique, and
skill. Structurally weaker cervical enamel and dentin which are
subjected to higher tensile loads further complicate the longevity
of composite resins. Thus, long-term retention of composite resin
restoration in class V cavities is challenging, requiring meticulous
planning for appropriate restorative material and technique.
Hence, this article evaluates the marginal adaptation of class V
nanocomposite restorations restored with reinforced novel enamel
inserts/biofillers, compares it with the following three methods;
bulk, horizontal incremental, precured composite balls as inserts
in reducing microleakage in class V nanocomposite restoration.

MATERIALS AND METHODS

The study was carried out in vitro in the Department of Conservative
Dentistry and Endodontics, at K.L.E. Dental College and Hospital,
Bengaluru, Karnataka. Extracted teeth were obtained from the
department of Oral and Maxillofacial Surgery from the same
institute. Stereomicroscopic evaluation was performed at Oxford
Dental College, Bengaluru, Karnataka.

Specimen Preparation

Sample size (N = 40) of 40 was selected as suggested by SPSS
software. Forty caries free, maxillary first premolar teeth without
any developmental anomalies, stains, cracks, or fracture, which were
planned and extracted for orthodontic treatments, were collected
from the Department of Oral and Maxillofacial Surgery. The teeth
samples were ultrasonically cleaned by a scaler to remove debris,
calculus, and stored in distilled water. Standardized class V box-
shaped cavities (Fig. 1) were prepared in all 40 using diamond points
with aerator handpiece. (Standard dimensions of class V cavities;
2.5 mm depth pulpally, 3 mm height occluso-gingivial, and 3.5 mm
width mesiodistally. Gingival floor was kept above CEJ.) Following
cavity preparation, all the 40 teeth were randomly allocated into 4
groups of 10 samples each.

Acid-etching, Bonding, and Restoration of Class V
Cavities

All the 40 standard cavities were etched with 37% phosphoric
acid (3M ESPE) for 15 seconds, washed with distilled water for 10
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Fig. 1: Standardized class V cavity preparation
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seconds, and dried with a gentle blast of air. Caution was taken not
to overdry the preparations. Two coats of bonding agent (prime
and bond, DENTSPLY) were applied at intervals of 10 seconds and
cured for 10 seconds. Restorations were carried out according to
the following four study groups:

Group I: (n = 10) Bulk Filling

Cavities received a single layer of nanocomposite (Filtek™ Z350 3M
ESPE) till the cavosurface margin and the increment was cured for
40 seconds. Subsequently finished and polished with composite
polishing kit (Shofu Inc., Kyoto, Japan).

Group ll: (n = 10) Horizontal Incremental Technique
Cavities received placement of nanocomposite (Filtek™ Z350 3M
ESPE) in horizontal increments of approximately 1.5 mm and each
increment was cured for 20 seconds. Two increments were placed.
Subsequently finished and polished with composite polishing kit
(Shofu Inc., Kyoto, Japan).

Group lll: (n = 10) Restoration with Precured
Composite Balls (Megafillers)

Fabrication of Precured Composite Balls

Precured composite balls were made using a silicone mold
consisting of 2.5 mm width and 2 mm height, into which the
nanocomposite was packed and cured for 40 seconds.

Restoration of Class V Cavities

Nanocomposite (Filtek™ Z350 3M ESPE) of 1 mm of horizontal
increment was placed in the cavities and left uncured. Precured
composite ball inserts were embedded into the cavities containing
uncured nanocomposite. It was ensured that the inserts were
adequately covered by nanocomposite on surface. Excess resin
was trimmed off with a scalpel. Curing was performed in all the
samples from all directions for 40 seconds. Subsequently finished
and polished with composite polishing kit (Shofu Inc., Kyoto, Japan).

Group IV: (n = 10) Restoration with Enamel Inserts
(Biofillers)

Fabrication of Biofiller (Fig. 2)

Five, intact maxillary premolar teeth extracted for orthodontic
treatment with adequate color, form, and dimensions were selected.
Crowns were sectioned at the occlusal third into dimensions of 3
X 2 mm sections to form fillers consisting of only enamel. These
fillers were autoclaved at a temperature of 121°C, for 15 minutes.
Fillers were etched with 37% phosphoric acid for 15 seconds. Rinsed
with distilled water for 20 seconds. Dried with a gentle jet of air,
coated with an adhesive system prime and bond (DENTSPLY), dried
again for 20 seconds with a jet of air and light polymerized for 10
seconds as recommended by the manufacturer. Thus, biofillers
were prepared (Enamel Inserts).

Restoration of Class V Cavities

Nanocomposite (Filtek™ Z350 3M ESPE) of 1 mm of horizontal
increment was placed in the cavities and left uncured. Dentin
bonding agent coated biofillers (Enamel inserts) were embedded
into the cavity containing uncured nanocomposite. It was ensured
thatthe enamelinserts were adequately covered by nanocomposite
on surface. Excess resin flash was trimmed with a scalpel. Curing
was performed in all the samples from all directions for 40 seconds.
Subsequently finished and polished with composite polishing kit
(Shofu Inc., Kyoto, Japan).
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Figs 2A to D: Enamel inserts/biofillers preparation. (A) Decoronation; (B) Decoronated crowns; (C) Occlusal 3rd of crown used to prepare biofillers;

(D) Enamel inserts/biofillers

Table 1: Distribution of microleakage scores in 4 groups

Microleakage Group | Group Il Group Il Group IV Total
Score 0 0 2 3 4 9
Score 1 2 5 1 4 12
Score 2 2 1 2 1 6
Score 3 6 2 4 1 13
Total 10 10 10 10 40

Score: Indicates the dye penetration depth. Score 0: no penetration, Score 1: penetration 0.5 mm, Score 2: penetration 1.0 mm, Score 3: penetration 1.5 m,

Score 4: penetration pulpal wall

All the 40 samples after restoration were evaluated for
microleakage under stereomicroscope.

Preparation for Evaluation of Marginal Adaption
Under Stereomicroscope

The root apices of all 40 restored samples were sealed with acrylic
resin. The coronal aspect of the samples was coated with two layers
of nail varnish, except for the restorations and 1 mm of border
surrounding the restorations. The specimens were thermocycled
for 24 hours (approximately 860 cycles) in water baths held at
5°C and 55°C. The specimens were held for 30 seconds in each
bath with a transport time of approximately 20 seconds. The
whole apparatus was kept at an ambient temperature of 37 +
2°C for the duration of thermocycling. After thermocycling, the
samples were immersed in 1% methylene blue for 4 hours, they
were rinsed for 15 minutes in distilled water. The samples were
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dried with the help of a blotting paper to remove excess of water
carefully. The roots of the teeth were cut from the crown, and a
section was made through the center of the restorations at right
angles to the mesiodistal plane using a slow-speed diamond
saw. This created two surfaces along which dye penetration
could be measured. The specimens were evaluated under 10x
magnification of stereomicroscope for dye penetration along the
gingival margins of class V restorations.

Single-blind scoring was followed. The following criteria were
used to score the extent of leakage around each specimen: Score
0: No dye penetration. Score 1: Penetration up to 0.5 mm. Score 2:
Penetration up to 1.0 mm. Score 3: Penetration up to 1.5 mm. Score
4: Penetration up to the pulpal wall.

Statistical evaluation of the microleakage score data was
performed by Kruskal-Wallis one way analysis of variance (ANOVA)
and Mann-Whitney U tests.



Biofillers in Class V Nanocomposite Restoration

3.0

2.40

1.70

1.30

Mean value

0.90

Group IlI Group IV

Group |

Group I

Fig. 3: Comparison of four groups with respect to mean microleakage
scores

Table 2: Comparison of four groups with respect to microleakage scores
by Kruskal-Wallis ANOVA

Sum of

Groups Mean SD Median ranks
Group | 24 0.8 3.0 284.0
Group Il 1.3 1.1 1.0 180.0
Group Il 1.7 1.3 2.0 215.5
Group IV 0.9 1.0 1.0 140.5
H value 8.8142

p value 0.0319*

*p < 0.05. Hence statistically significant

REesuLTs

Group | showed maximum dye penetration, as indicated by the
scores, followed by group Ill and group I, respectively, least dye
penetration was recorded in test group IV (Table 1). The Mean
Microleakage Scores for group | (2.40) was highest followed by
group Il1 (1.70), group 11 (1.30), and group IV (0.90), respectively, has
been plotted on Figure 3. While the distribution of microleakage
scores in the four study groups is plotted on Figure 4. Kruskal-Wallis
ANOVA test showed a statistically significant difference (H value =
8.814, p value = 0.03), between the mean microleakage scores of
four groups (Ito IV), presented in Table 2. Post hoc multiple pairwise
comparisons of dye penetration/microleakage of the four study
groups are listed in Table 3, according to Mann-Whitney U test. The
intergroup variations are as tabulated in Table 3. Among all pairwise
comparisons of groups; groups | and Il (p = 0.0343), groups | and IV
(p = 0.0065) revealed a statistically significant values.

Discussion

Failure of class V restorations is attributed to poor marginal
adaptation. Class V cavities show higher microleakage, as explained
by micro-anatomic changes in the orientation and organization
of the enamel rods in the cervical area, which do not favor
adhesion.” Results of this study establish that the use of biofillers
in composite resins show reduced microleakage in class V cavities,
which is statistically significant. Highest microleakage among the
four methods was seen in group I: Attributed to polymerization
shrinkage. The incremental technique reduces C-factor, reducing
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Fig. 4: Distribution of microleakage scores in the four study groups

polymerization shrinkage stress, hence group Il showed less
microleakage in comparison with group | and group Ill. While
group lll revealed lower microleakage compared with group I. Least
microleakage was seen in group IV when compared with group Ill,
group Il, and group I.

Resin composites undergo a volumetric shrinkage of about
2-7% during polymerization.®” Polymerization shrinkage affects
the longevity of composite restorations more so in the class V
cavities. The contraction stress developed due to polymerization
shrinkage can cause debonding at composite/tooth interface or
filler/resin interface causing failure of the restoration. The interfacial
integrity of composite resins is closely related to polymerization
shrinkage stress which in turn is directly related to composite
volume and C-factor.®® Minimizing polymerization shrinkage
holds the key to success of composite restorations. Decreased
polymerization shrinkage translates to reduction in microgaps and
less microleakage and better marginal adaptation of the composite
restoration. Methods to reduce polymerization shrinkage have
emphasized on either modifications to the composite material
formulations or clinical procedures to reduce polymerization.'°

Modifications to the Composite Material'®

(1) Modification of resin matrix. (2) Modification of composite filler.
(3) Modification of the photo initiator. (4) Modification of silane
coupling agent.

Clinical Procedures to Reduce Shrinkage Stresses'®

(1) Light-curing procedures. (2) Effect of adhesive system (adhesion).
(3) Insertion technique. (4) Use of intermediate flowable layer.
(5) Sealing of the outer surface. (6) Modification of dynamics of
polymerization. (7) Preheating of resin composite. (8) Use of fiber
insert.

In our study, of the clinical procedures to reduce shrinkage
stresses, insertion techniques: Bulk method represented by group
| and horizontal incremental technique in group Il were utilized.
Among the modifications to the composite material, modification
of composite filler by incorporation of megafillers in group lll
and biofillers in group IV were studied. Composite placement
techniques have been advocated as clinical procedures to achieve
better marginal adaptation by reducing polymerization shrinkage.
Results of our study revealed that horizontal incremental technique
used in group Il showed lower microleakage than bulk technique

1371
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Table 3: Pairwise comparison of four groups with respect to microleakage scores by Mann-Whitney U test

Groups Mean SD Median Sum of ranks Uvalue Zvalue p value

Group | 2.40 0.84 3.00 133.00

Group Il 1.30 1.06 1.00 77.00 22.00 —-2.1166 0.0343*
Group | 240 0.84 3.00 120.00

Group llI 1.70 1.34 2.00 90.00 35.00 -1.1339 0.2568

Group | 240 0.84 3.00 141.00

Group IV 0.90 0.99 1.00 69.00 14.00 —2.7213 0.0065*
Group Il 1.30 1.06 1.00 96.50

Group I 1.70 1.34 2.00 113.50 41.50 —0.6425 0.5205

Group Il 1.30 1.06 1.00 116.50

Group IV 0.90 0.99 1.00 93.50 38.50 —0.8693 0.3847

Group Il 1.70 1.34 2.00 122.00

Group IV 0.90 0.99 1.00 88.00 33.00 —1.2851 0.1988

*p < 0.05. Hence statistically significant

used in group |. Incremental technique reduces polymerization
shrinkage by reducing C-factor, which is well established by the
studies of Duarte and Saad'' and Roopa et al.'? However, few studies
show conflicting reports regarding the efficacy of incremental
technique as revealed by Crim'® and Santini et al.*

Variation in the material formulation, chiefly the filler loading
has proved beneficial in reducing polymerization shrinkage.
Nanofilled composite filler particle size ranges from 0.005 to 0.01
um," reduced filler particle size allows for greater volume of filler
loading without adversely affecting the mechanical properties of
composite. Group Il and group IV in our study represent variation
in material formulation by incorporating inserts. Megafillers/
glass inserts have proven to reduce polymerization shrinkage
adequately.'® Placement of one or more large fillers into the
composite, is referred to as “inserts” (0.5-2 mm) or “megafiller”.
Inserts have been known reduce the bulk of matrix phase volume
by 50-75%, with a concomitant reduction in polymerization
shrinkage and marginal microleakage. The concept of megafillers
orinserts was extensively researched by Donly et al."” Both ceramic
and composite megafillers have been researched previously
to know their role in reducing polymerization shrinkage.'6-22
Precured composite balls as a megafillers in group lll, increase
bonding between the materials, decrease polymerization stress
development due to similar physiochemical properties, and
decrease the polymerization shrinkage.>'® Thus, group Ill showed
lower microleakage than group I. Various inserts investigated
previously show the following characteristics:

Glass ceramic inserts as suggested by Salim et al.'® do not have
chemical bonding to resin composites. Glass fiber inserts were the
earliest inserts studied by Bowen et al.,®> Donly et al."” extensively,
do not have chemical bonding to resin composites. Pre-polymerized
resin inserts investigated by Wahab and Shaini?® show decreased
polymerization shrinkage, but handling is difficult. Polyethylene
fiber as reported by Meiers et al.> was chemically inert, showed
poor wetting and difficult bonding to composite resins. All of these
inserts have inherent shortcomings because of their compositions
and hence are not widely used clinically.

The presence of filler particles with hardness value greater
than that of human enamel has shown to abrade the opposing
enamel over time.Knoop hardness number (KHN) for: Enamel—343,
Quartz—820, Silicon Carbide—2480.2* Glass—ceramic inserts may
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abrade the opposing enamel if they are exposed from the resin
matrix. Glass—ceramic inserts also require specialized bonding
methods like silanization making them expensive and time-
consuming clinically. Pre-polymerized balls show a bond strength to
old and new composite: 24 to 26 MPa.?>?® The technique consisting
of custom-made precured megafiller resin restoration, though a
viable alternative for better marginal adaptation remains technique
sensitive and lacks mechanical strength of human enamel.

Novel enamel inserts in group IV have proven to be the best
in reducing microleakage as suggested by the results which are
significant statistically. None of the previous studies have evaluated
the usage of human enamel inserts in composite resins.

Enamel, a homologous tissue with better bond with resin
composites, may to be better insert in terms of bonding and
mechanical properties. Incorporation of filler particles with
hardness characteristics similar to that of enamel may result in
decreased wear and provide added advantages as listed below.
(Bond strength of Enamel to composite is 28-30 MPa.) Potential
Advantages of Incorporation of Enamel Inserts (Biofiller) in
restoration of tooth; restorations with biofillers provide natural
surface smoothness, favorable esthetics, functional masticatory
efficacy. The biofillers are easily available, economical, and may
also provide physiological wear resistance.

Potential Disadvantages of Using Biofillers

(1) Custom preparation of biofillers is time-consuming. (2) The use of
human enamel as biofillers in restorations may not be acceptable to
some patients. Limits and contraindications for the use of biofillers:
(1) Patient consent is needed. (2) Extracted teeth with inadequate
form, color, and structure cannot be used. (3) Mechanical properties
of restorations with biofillers need to be tested.

LIMITATIONS OF THE STUDY

Custom preparation of inserts is time-consuming. Clinical trials
are required to further investigate the results of our study. Dye
penetration, a semi-quantitative method, was used to assess
microleakage as some studies report that there was no difference
between the methods regarding the evaluation of microleakage.””
However, other newer methods like radioisotope, scanning electron
microscopy, and confocal microscopy may be more accurate in
evaluating microleakage.?
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CONCLUSION

Enamel inserts (biofillers) provide a novel approach in improving
marginal adaptation of composite restorations in class V cavities.
Incorporation of macro- and megafillers, which are capable of
adequate bonding to resin and tooth, may provide improved
marginal adaptability and reduce microleakage around restorative
margins. Horizontal incremental technique is also an effective
method in reducing microleakage and improving marginal
adaptability.
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