J Clin Exp Dent. 2023;15(8):¢621-8. Internal gap of conventional resins vs Bulk fill

doi:10.4317/jced.60717

Journal section: Operative Dentistry
https://doi.org/10.4317/jced.60717

Publication Types: Research

Dental restoration operative time and analysis of the internal
gap of conventional resins (Incremental Technique) vs. Bulk Fill
(Single-Increment Technique): In vitro study

Priscilla Medina-Sotomayor, Gabriela Ortega, José Aguilar, Paola Ordodiiez, Michelle Rojas, Roxana Vasquez

Universidad Catolica de Cuenca, Carrera de Odontologia, Campus Universitario Azogues, Ecuador

Correspondence:

April 16 Avenue, Carrera de Odontologia
Azogues, Ecuador
ipmedinas@ucacue.edu.ec

Medina-Sotomayor P, Ortega G, Aguilar J, Ordofiez P, Rojas M, Véasquez
R. Edental restoration operative time and analysis of the internal gap of
conventional resins (Incremental Technique) vs. Bulk Fill (Single-Incre-
ment Technique): /n vitro study. J Clin Exp Dent. 2023;15(8):¢621-8.

Received: 16/05/2023
Accepted: 04/06/2023

Article Number: 60717 http://'www.medicinaoral.com/odo/indice.htm
© Medicina Oral S. L. C.I.LF. B 96689336 - eISSN: 1989-5488
eMail: jced@jced.es
Indexed in:
Pubmed
Pubmed Central® (PMC)
Scopus
DOI® System

Abstract

Background: To determine the operative time and the internal restoration gap in the restoration—tooth interface in
the cavity floor using an incremental technique for conventional resins and the single-increment technique for the
bulk fill resin.

Material and Methods: In this in vitro experimental study, the internal gaps of the restoration—tooth interfaces in the
cavity floors of two conventional resins and two bulk fill resins were microscopically analyzed, and the restoration
times of the single-increment technique and the incremental technique were determined.

Results: Bulk fill resins had smaller internal gap (63.31 pm) than conventional resins (333.14 um). Regarding the
restoration time, the single-increment technique obtained the best results in operative time (3.52 minutes), with
significant differences relative to the incremental technique.

Conclusions: The Tetric N-Ceram bulk fill resin presented better performance than conventional resins relative to
the internal gap of the restoration—tooth interface in the cavity floor. In addition, the single-increment technique
presented a short clinical restoration time.
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Introduction

Restorative dentistry is constantly evolving, as it requi-
res materials that provide quality to this type of proce-
dure due to the various causes that lead to failed resto-
rations. For this reason, clinical practice is focused on
restoring the integrity of the dental organ with the use
of adhesive materials. Certain directives, such as com-
posite resin, have been on the market since the 1950s
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and do not require the removal of healthy tissue for their
retention, obtaining excellent long-term results.

The conventional resin has the great disadvantage of
contracting during the polymerization process because
the tension of the material exceeds the bonding force
due to the low percentage of inorganic load in its com-
position (1-3). This phenomenon creates an internal gap
that causes microfiltration between the restoration—tooth
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interface, generating microorganisms that are responsi-
ble for secondary carious lesions, pulp damage and fai-
lure in the restoration (4-11).

Bulk fill resins are materials that have been implemented
in the market to meet the needs and improve the proper-
ties of conventional resins and restoration techniques.
The resins are characterized by their low polymerization
contraction due to their high percentage of inorganic
load in their composition (quartz, zirconite or silicate)
and photoinitiators with translucent characteristics that
allow the passage of light into the restorations; these
characteristics improve the contraction of polymeriza-
tion and allow the passage of light to a great depth, im-
proving restoration techniques (5,10,12).

Due to the uncomfortable clinical process of dental res-
toration, it is recently a matter of minimizing the ope-
rative time of restoration through the practice of diffe-
rent techniques (13). The incremental technique used in
restorations with conventional composite resin promises
reduced shrinkage and increased working time because
it consists of applying small increments of resin within
the cavity preparation accompanied by light curing at
intervals, which can generate gaps between increments
(6,13,14). However, bulk fill resin allows the use of the
single-increment technique, improving the operative
time and facilitating the restoration (6,15).

The objective of this in vitro study is to determine the
operative time and the internal restoration gap at the
restoration—tooth interface in the cavity floor using the
incremental technique for conventional resins and the
single-increment technique for the resin.

Material and Methods

-Sample calculation and selection

In the present in vitro study, 40 third molars obtai-
ned from the Dental Teaching Clinic (surgery area) of
the Universidad Catolica de Cuenca, Azogues were
analyzed. The sample size was 10 teeth for each com-
posite resin group; the sample size was determined prior
to a pilot study.

As inclusion criteria, upper or lower third molars were
used with the same Nolla stage without carious lesions,
fractures, or restorations and with a complete crown.
Only teeth with the possibility of fracturing or cracking
were excluded during the experimental phase.

The composite resins Filtek Bulk Fill Posterior Res-
torative (FB) and Tetric N-Ceram Bulk Fill (TB) were
analyzed for the restorations with the single-increment
technique, and the Filtek Z250 XT Universal Restaura-
tive (FZ) and Tetric N-Ceram (TC) were analyzed for
the restorations with the technique. The incremental and
compositional characteristics are indicated in Table 1.
A randomization (www.random.org) of the teeth was ca-
rried out to define the technique and resin to be used, and
the information was managed by one researcher.

€622

Internal gap of conventional resins vs Bulk fill

-Tooth preparation

The teeth were cleaned with a prophylactic brush and
pumice stone, and the soft tissue remains were removed
with a curette. The apex was sealed with glass ionomer
(GC Gold Label 9, FUJI, Tokyo, Japan) and then kept
in physiological serum (NaCl 0.09%) at 6 °C, changing
it twice a week until the experimental part began. Each
tooth was placed in individual sockets to achieve sta-
bility at the time of cavity preparation and subsequent
restoration.

We proceeded to make standardized class I cavity prepa-
rations of 4x4x4 mm in width, length and depth, ensu-
ring measurements with the use of the periodontal pro-
be. The cavity opening was made with a round bur, and
the samples were prepared with a straight-tipped tapered
bur using rubber stops as guides.

-Cavity conditioning and restorations

The restorations were performed by a single operator
controlling the operative time from the beginning of
each restoration. The restorations were performed ac-
cording to the specifications of each manufacturer, and
a PhotoLight Max light curing lamp (Gnatus, Riberao
Preto-SP, Brazil) was used with a light-emitting diode
(LED) light power of 1200 mW/cm? with continuous li-
ght as follows:

For one-piece technique restorations (FB-TB), the fo-
llowing steps were conducted:

* Acid selective conditioning the tooth structure, first
conditioning the enamel and then conditioning the den-
tin, for 15 s with Scotchbond Universal Etchant (3M
ESPE, Seefeld, Germany. LOT NA98703)

* Washing the cavity with running water for 15 seconds
and then drying the enamel while leaving the cavity/den-
tin wet

* Placement of 2% chlorhexidine for 10 seconds and ca-
vity drying with cotton

* Adper Single Bond 2 adhesive (3M ESPE, Seefeld,
Germany. LOT: NE63329) was applied on FB resin and
N-Bond (Ivoclar Vivadent, Schaan, Liechtenstein. LOT:
Z033TM) was applied on TB resin as the first layers for
both the enamel and dentin by rubbing the dentin for 10
seconds

* Unifying the first layer with air application

* Placement of the second layer of adhesive and light
curing for 10 seconds

* Restoration with polymerization for 40 seconds

For restorations with the incremental technique (FZ—
TC), the following steps were performed:

* Acid selective conditioning the tooth structure, first
conditioning the enamel and then conditioning the den-
tin, for 15 seconds with Scotchbond Universal Etchant
(3M ESPE, Seefeld, Germany. LOT: 7601007)

* Washing the cavity with running water for 15 seconds
and then drying the enamel while keeping the cavity/
dentin wet
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Table 1: Composite descriptions, manufacturers and composition.

Internal gap of conventional resins vs Bulk fill

Composite Code Restoration Composition Manufacturer | Shade Lot
technique
FILTEK Bulk FB Single-increment | AUDMA, UDMA and 1, 12-dodecane. 3M ESPE A2 | NA98703
Fill Posterior -DMA. (Seefeld,
Restaurative The fillers are a combination of a non- Germany)
agglomerated/non-aggregated 20 nm
silica filler, a non-agglomerated/non-
aggregated 4 to 11 nm zirconia filler, an
aggregated zirconia/silica cluster filler
(comprised of 20 nm silica and 4 to 11
nm zirconia particles), and a ytterbium
trifluoride filler consisting of agglom-
erate 100 nm particles. The inorganic
filler loading is about 76.5% by weight
(58.4% by volumen)
TETRIC N TB Single-increment Bis-GMA, Bis-EMA, UDMA Ivoclar A2 Z033TM
Ceram Bulk Polymer filler 17.0% (Barium glas filler, Vivadent
Fill Ytterbium triflouride) mixed oxide (Schaan,
61.0%. Additive, Initiators, Stabilisers, | Liechtenstein)
Pigments, 1.0%
FILTEK Z250 FZ Incremental BIS-GMA, UDMA, and BIS-EMA 3M ESPE A2 | NE21777
XT Universal The inorganic filler loading is 60% by (Seefeld,
Restaurative volume (without silane treatment) with Germany)
a particle size range of 0.01 to 3.5 um.
TETRIC N TC Incremental BisGMA, BisEMA, UDMA. Ivoclar A2 Z02P5F
Ceram Filler content 55-57%: barium alu- Vivadent
minium silicate glass (0.4 um, 0.7 pm), (Schaan,
ytterbium trifluoride (200nm), mixed Liechtenstein)
oxide (160nm) Prepolymer

*AUDMA: aromatic urethane dimethacrilate, BisGMA: Bisphenol A polyethylene glicol diether dimethacrylate, BisSEMA: Bisphenol A poly-
ethylene glicol diether dimethacrilate, UDMA: Urethane dimethacrilate.

* Placement of 2% chlorhexidine for 10 seconds and ca-
vity drying with cotton

» Adper Single Bond 2 adhesive (3M ESPE, Seefeld,
Germany. LOT: NE63329) was applied on FZ resin and
N-Bond (Ivoclar Vivadent, Schaan, Liechtenstein. LOT:
Z033TM) was applied on TC resin as the first layers for
both the enamel and dentin by rubbing dentin for 10 se-
conds

* Unifying the first layer with air application

* Placement of the second layer of adhesive and conduc-
ting light curing for 10 seconds

* Restoration curing each layer for 15 seconds and per-
forming final curing for 40 seconds

-Thermocycling, preparation and immersion of teeth in
dye

Subsequently, thermocycling was carried out with 10,000
cycles, representing 1 year of use of the material in oral
conditions as follows: (16) the teeth were immersed in
water baths at 35 °C for 28 seconds, 15 °C for 2 seconds,
35 °C for 28 seconds and finally 45 °C for 2 seconds. This
procedure was repeated 50 times for 3.5 days.
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-Sample sectioning and observation

The pieces were washed and sectioned mesiodistally
with a handpiece and a diamond disc with constant irri-
gation. Finally, the teeth were immersed in 0.1% me-
thylene blue for 48 hours. After this time, the sealing
was evaluated marginally at the mesial, distal and floor
levels of the cavity using a Dino-Lite Premier AM4113T
1.3MP optical microscope (Dino-Lite Digital Microsco-
pe, Taiwan) and subsequent analysis with DinoCapture
2.0 software (Dino-Lite Premier, Taiwan). This analysis
was performed by a single operator blinded to the mate-
rial analyzed (JA).

-Statistical analysis

For the statistical analysis, the Statistical Package for
Social Sciences (SPSS) v.25 program (IBM, Endicott
NY, USA) was used. Descriptive data were obtained,
and through Student’s t test, restoration techniques and
operative time were related. With the Mann—Whitney U
test, the means of the internal restoration gap were com-
pared according to the type of resin. Significant values
were established at p <0.05.
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Results

The descriptive analysis of the time according to the res-
toration technique is indicated in Table 2. The single-in-
crement technique used with the Bulk fill resins obtains
an average of 3.52 minutes with significant differences
relative to the incremental technique (p <0.05) (Fig. 1).
Figures 2 and 3 show the size of the internal gap of the
restoration of the four resins considered for the present
study. Table 3 shows very different behaviors between
the two bulk fill resins (p <0.05), with the TB resin ha-
ving the smallest internal gap size at an average value

Internal gap of conventional resins vs Bulk fill

Discussion

In the present study, the internal gap formed between the
restoration—tooth interface and the restoration operative
time between bulk fill resins and conventional resins are
observed; this analysis is crucial due to the importance
of improving the clinical experience of a patient during
restorations.

Composite resin is the most commonly used resin in di-
rect adhesive restorations due to its aesthetic characte-
ristics and mechanical properties (4,17,18). One of the
great advantages of this material is that it does not requi-

Table 2: Restoration time according the restoration technique descriptive analysis: mean value, standard deviation,
minimum and maximum value. (um) Statistical analysis: T test.

Restoration technique n Mean (min) SD Min (min) | Max (min) p-value*
Incremental 20 5.89% 2.03 2.13 10.15 0.000*
Single-increment 20 3.52 0.90 2.09 5.35
* p<0,05
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Fig. 1: Restoration time (min) according the restoration technique

of 63.31 pum; the FB resin have the highest value of all
the resins, with an average value of 313.14 pm. The two
conventional resins (FZ and TC) present very similar
average values (p> 0.05).

According to a comparison between groups (Table 4),
the FB and FZ resins of the same commercial brand pre-
sent significant differences between them (p <0.05).
Finally, relative to the size of the internal gap according
to the location, the TC, FB and TB resins present high
values at the restoration floor level, while the FZ resin
presents high values at the mesial level (Table 5).
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re the removal of healthy tissue for its retention and that
it has good mechanical behavior in the posterior sector
(4,18,19). However, the disadvantages include the for-
mation of secondary caries, fracture of the restoration,
microleakage and marginal discoloration, which are all
caused by polymerization shrinkage (4).

This contraction is responsible for the presence of mar-
ginal leaks, a high coefficient of thermal expansion and
the absorption of water, impoverishing the internal adap-
tation and forming gaps between the restoration material
and the dental structure, which allows the filtration of
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Fig. 2: Dental restoration internal gap size (um). * FZ: FILTEK Z250 XT Universal Restaurative; TC: TET-
RIC N Ceram; FB: FILTEK Bulk Fill Posterior Restaurative; TB: TETRIC N Ceram Bulk Fill.

Fig. 3: Dental restoration internal gap size (um) microscopical view. * a: FZ (FILTEK Z250 XT Universal

Restaurative); b: TC (TETRIC N Ceram FB); ¢: FB (FILTEK Bulk Fill Posterior Restaurative); d: TB

(TETRIC N Ceram Bulk Fill).

fluids, thus affecting long-term retention; however, the
success of restorations depends on shrinkage stress and
various other factors that impoverish the marginal seal
(18,20,21).

The results of this study show that bulk fill resins pre-
sent smaller internal gaps than conventional resins, even
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from the same commercial company, in cavitary prepa-
rations with 4-mm depth; the Tetric N-Ceram Bulk Fill
presents the best results (63.31 um), with other studies
that corroborate these findings (15,17).

There are several factors to consider that can generate
failures in the restoration—tooth interface, forming an
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Table 3: Dental restoration internal gap size descriptive analysis (mesial, distal and floor
levels of the cavity of each sample): mean value, standard deviation, minimum and maxi-

mum value, (pm).

Composite n Mean (pm) SD Min (pm) Max (pm)
FZ 30 166.95 145.66 0.00 617.29
TC 30 160.98 182.06 12.12 678.72
FB 30 313.14* 164.50 48.48 602.84
TB 30 63.31 57.79 0.00 280.43

*#*FZ: FILTEK Z250 XT Universal Restaurative; TC: TETRIC N Ceram; FB: FILTEK Bulk
Fill Posterior Restaurative; TB: TETRIC N Ceram Bulk Fill.

Table 4: Dental restoration internal gap size
statistical analysis: Mann-Whitney.

Comparison groups p-value*
FZ-TC 0.271
FB-TB 0.000*
FZ-FB 0.001*
TC-TB 0.096

* p<0,05

**% FZ: FILTEK Z250 XT Universal Restaura-
tive; TC: TETRIC N Ceram; FB: FILTEK Bulk
Fill Posterior Restaurative; TB: TETRIC N Ce-

ram Bulk Fill.

the interfaces between layers may present when the in-
cremental technique is conducted, improving marginal
sealing. Notably, class I cavity preparations are used
to improve Factor C (configuration factor), which can
strongly affect the polymerization stress of the compo-
site resin (28).

The FZ resin presents the greatest restoration—tooth
interface with a value of 166.95 um. The depth of the
cavity preparation may affect the polymerization stress
forming the internal gap because, despite using the in-
cremental technique, the depth exceeds the specifica-
tions of conventional composite resins (1,5,6).

Table 5: Dental restoration internal gap size mean (um).

n FZ TC FB TB

Mesial | 10 | 221,03* 161,68 234,13 49,87
Distal 10 132,71 77,04 306,00 45,24
Floor 10 147,13 244,25% 399,29 94,84

** FZ: FILTEK Z250 XT Universal Restaurative; TC: TETRIC N Ceram; FB:

FILTEK Bulk Fill Posterior Restaurative; TB: TETRIC N Ceram Bulk Fill.

internal gap that causes microfiltration that is respon-
sible for postoperative sensitivity and secondary caries
(21,22), such as cavitary preparation, restoration, adhe-
sion, light irradiation, exposure time and the properties
of the composite resin.

Bulk fill composite resins have small inorganic particle
sizes, increasing the depth of light curing and allowing
the passage of light in a better manner, reducing volu-
metric contraction and internal gap formation (23-27).
Regarding the restoration technique, it is important to
indicate that the restoration time is measured from the
moment the resin is introduced into the cavity prepa-
ration; this indication avoids confusion with the time
necessary for the clinical preparation of the patient and
for the placement of the adhesive system in each res-
toration. It is possible to determine that the single-in-
crement technique used in Bulk Fill resins compared to
the incremental technique improves clinical restoration
times with significant differences, avoiding the gaps that
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A two-step adhesive is used because studies indicate that
etch-and-wash adhesives generate a thick hybrid layer with
long, wide and dense resin layers; at this point, the filtration
in dentin is not significant because the dentin tubules are
sealed after the application of the adhesive, thus avoiding
microfiltration because greater control is maintained in the
time of application of the phosphoric acid and adhesive. In
addition, chlorhexidine is used, which has been shown to
improve the resistance of the hybrid layer (29). In this man-
ner, it is possible to control errors in the adhesive sealing,
improving the clinical restoration protocol (30,31).

It is important to remember that polymerization contrac-
tion affects the entire restoration—tooth interface. At this
level, adding a poor-quality material can become more
damaging to the dental structure.

Conclusions
By considering the limitations of the present in vitro
study, it can be concluded that bulk fill resins present
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smaller internal gaps between restoration—tooth interfa-
ces than conventional resins in 4 mm deep class I cavity
preparations. In addition, single-increment restoration
technique improves clinical restoration times relative to
the oblique incremental technique.
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