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[Abstract]

Purpose: We experimentally prepared a novel LED curing unit (MI-head) with a
small tip (diameter: 2.1-mm) capable of irradiating light close to the gingival wall.
In this study, a conventional LED light curing unit, Pen Cure, and the MI-head
were compared to investigate the influence of the curing unit on adhesion applied
to the gingival wall of class II cavities. Methods: Dentin adherend surfaces were
prepared on extracted bovine teeth. Clearfil Mega Bond (MB) was applied to the
surface, followed by light irradiation using Pen Cure or the MI-head at various
irradiation distances and durations. Resin paste was then applied, and tensile
bond strength (TBS) was measured after the specimens were placed in a 37°C
water bath for 24h. Class II cavities were prepared in extracted human teeth.
After setting the matrix, MB was applied to the tooth surface, followed by light
irradiation from the cuspal side using Pen Cure, or from the gingival wall side of
the cavity using the MI-head. Incremental filling of the resin paste was then
performed, and a thermal stress was loaded. Each sample was immersed in 5%
basic fuchsin solution for 24h, and marginal leakage was observed under an
optical microscope. A class II cavity was prepared on the mesial side of the left
first molar in an artificial mandibular model, and the light intensities of Pen Cure
and the MI-head were measured under the same irradiation conditions as
employed in the marginal leakage test. Results: Although TBS was significantly
higher when irradiated with MI-head, marginal leakage could not be prevented.
The light intensity of Pen Cure was significantly higher than that of the MI-head.
Conclusion: The results of this study suggest that improvements in the irradiation

method and prolonged irradiation are necessary to achieve adequate bond



strength by the bonding agent applied to class II cavities using the MI-head.
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[Introduction]

The composite resin (CR) bonding system has markedly advanced since the
development of a bonding system incorporating a dentin primer, the GLUMA
system, in the 1980s%2. These bonding systems have increased bond strength and
the simplification of steps leading to improvements in the mechanical properties
and esthetics of CR such that the bonding system can now be sued to treat all
regions3®. And the concept of minimal intervention?!) has also expanded in
dentistry. CR has recently been increasingly used to restore class II cavities.

The sufficient polymerization and bond strength of bonding resin are essential
for CR restoration!213, Although a matrix is needed when a class II cavity is to be
restored with CR, it is impossible to irradiate the bonding resin from the adjacent
surface when a metal matrix is used; therefore, light is applied from the occlusal
surface. Moreover, the tip of curing units cannot come into close proximity to the
gingival wall for the CR restoration of class II cavities, which results in increased
irradiation distance. Curing units with a large tip diameter are also restricted by
the pairing tooth and irradiation from the optimal position is difficult in many
cases. Therefore, the amount of light reaching the site is insufficient, and the
resulting insufficient bonding resin polymerization on the gingival wall may
reduce the bond strength between CR and the tooth 3414,

A decrease in the durability of CR restorations has been shown to markedly
affect the oral environment, and this needs to be improved because the number of
cases treated with CR restoration is increasing. For accurate and adequate
polymerization in CR restoration, reliable and sufficient polymerization of

bonding resin is necessary for CR restoration.!®.



In the present study, we experimentally prepared a LED curing unit with a
small tip diameter as shown in Fig. 1(MI-head, J. Morita Manufacturing). This
curing unit has a pen-type design, similar to the conventional curing unit, Pen
Cure (J. Morita Manufacturing). In addition, the tip of MI-head is small
(diameter: 2.1-mm) and can be advanced deeply into the cavity. Insufficient
irradiation of the gingival wall was a limitation associated with previous curing
units with a large diameter of curing tip; however, this curing unit enables
irradiation of the gingival wall, which indicates its usefulness for CR restoration
in the future. We compared Pen Cure and MI-head to investigate the influence of

the irradiation distance on the adhesion of bonding resin.

[Materials and Methods]

The materials and irradiation conditions are shown in Tables 1 and 2,
respectively.

1. Measurement of tensile bond strength (TBS) and observation of fracture
surface

Bovine mandibular incisors frozen after extraction were thawed immediately
before the test. Enamel on the labial side of the crown was removed using a model
trimmer (J. Morita Manufacturing), and the tooth was ground using waterproof
abrasive paper #600 to prepare a flat dentin surface. Masking tape having a hole
with a 3.0-mm inner diameter was applied to this surface to specify the adherend
surface area, to which a mold with a 2.0-mm-height (2.0-mm-mold) was set.
Clearfil Mega Bond (MB, Kuraray Noritake Dental) as a 2-step bonding system

was applied to the surface following manufacture’s instruction, followed by 10s



light irradiation from the 2.0-mm-mold using Pen Cure as a control. Under the
conditions except the control, the surface was covered with a 6.0-mm tube-form jig
(6.0-mm-jig) after bond application so as to surround the 2.0-mm-mold. (Fig. 2)
The reason for the coverage with a 6.0-mm-jig was that the irradiation distance
from the occlusal surface of a class II cavity to the gingival wall was assumed to be
6.0-mm. Light irradiation was applied using Pen Cure from the 6.0-mm-jig for 10s,
20s, 40s, and 60s (coded as P10s, P20s, P40s, and P60s). Under conditions of M10s
and M20s, the tip of MI-head was inserted in a 6.0-mm-jig, and the surface was
irradiated from approximately 0.5-mm above the adherend surface while moving
the tip. Under conditions of M10s and M20 s, the MI-head was placed in the
6.0-mm-jig and light was irradiated from approximately 0.5-mm above the
adherend surface while moving the tip to avoid concentrating of irradiated light at
one point. Under conditions of M10s-2 and M20s-2, the MI-head was placed in the
6.0-mm-jig and light was irradiated from 2.0-mm above the adherend surface
while moving the tip. The 2.0-mm-mold was then filled with the resin, Clearfil
Majesty LV (LV, Kuraray Noritake Dental), up to a 2.0-mm height of the mold in
all samples, and then irradiated from the 6.0-mm-jig for 20s using Pen Cure.
Samples were immersed in 37°C water for 24h after bonding, and TBS was
measured at a crosshead speed of 0.3 mm/min using a universal tester (MI-20,
Intesco) (n=8). In addition, the adherend surface area was specified on the dentin
surface by applying masking tape with a 2.0-mm hole. The bonding resin was
irradiated at M10s, M20s, M10s-2, and M20s-2 using the MI-head without moving
the tip and then processed as described above to compare TBS between those after

irradiation with and without moving the tip of the MI-head. The data obtained
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was analyzed by a one-way ANOVA and Tukey’s HSD test (p<0.05).

After being put it in a vacuum pump for 24h, gold vapor deposition was applied
to the samples after TBS measurements using a conventional method, and tensile
fracture surfaces were observed under a scanning electron microscope
(JSM-5610LU, JOEL Ltd., SEM). The destruction pattern was judged as follows:
when interface exposure was observed in 70% or more of the area, destruction or
the adhering cured material in dentin was observed in 70% or more of the area,
and other destruction patterns were classified as interfacial, cohesive, and mixed
failures.

2. Marginal leakage test

Anonymized extracted human teeth frozen in saline were thawed immediately
before the experiment. A class II cavity (a rectangular cylindrical cavity with
2.5-mm bucco-lingual and 1.0-mm mesio-distal widths as the gingival wall and a
6.0-mm depth from the tip of the cusp) was prepared. After setting a metal matrix
band, a 20s primer treatment with MB was applied and sufficiently dried by air
blowing following the manufacturer’s instructions, and the bonding resin was
applied. Under the irradiation conditions of P10s, P20s, P40s, and P60s after air
blow drying, the cavity was irradiated from the cusp top. MI-head was set close to
the gingival wall at M10s and M20s, and light was irradiated from a distance of
approximately 0.5-mm while moving the tip. Light was irradiated from 2.0-mm
above the gingival wall at M10s-2 and M20s-2 while moving the tip. On the other
hand, the bonding system was applied to the tooth surface before setting a matrix
band, and irradiation was applied for 10s using Pen Cure from 3 directions: from

the occlusal surface and buccal and lingual sides (coded as P30s). The cavity was



then filled with LV, up to a 2.0-mm height from the gingival wall and irradiated
for 20s using Pen Cure. The cavity was then filled with paste-type Clearfil
Majesty (CM, Kuraray Noritake Dental) up to the occlusal surface and irradiated
for 20s using Pen Cure. all samples were stored in a 37°C water bath for 24h after
filling, polished using Soflex Discs (3M ESPE, USA), and the subjected to 5-55°C
thermal stress loading 5,000 times. After stress loading, the root apex was sealed
with Fujill LC (LC, GC), and the sample was covered with nail varnish while
leaving an uncovered 1.0-mm lateral margin of the gingival wall. All samples
were immersed in 0.5% basic fuchsin solution (KISHIDA CHEMICAL) for 24h and
cut at the center of the cavity between the buccal and lingual sides. Marginal
leakage was observed under a light microscope and evaluated following the
criteria shown in Fig. 3 (n=8). Statistical analysis was performed employing the
Mann-Whitney U-test (p<0.05).

This study was approved by the Medical Ethics Committee of Osaka Dental
University (Approval No: 110735).
3. Measurement of light intensity

Light intensity was measured using Quest X (QuestTMX, B&W Tek Ink, USA). A
cavity was prepared on the right first molar of the artificial mandibular model,
similar to that in the marginal leakage test. A hole was made from the bottom of
the model to the gingival wall in order to insert a fiber for measurement into the
gingival wall of the cavity, and the fiber was fixed (Fig. 4). The light intensity of
Pen Cure was measured at the tip of the cusp (6.0-mm above the fiber position).
The MI-head was placed in the cavity, and the light intensity was measured 0.5
and 2.0-mm above the fiber. As a control, the light intensity of Pen Cure was
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measured 0-mm above the fiver position without using the artificial model (n=8).
The data obtained was analyzed by a one-way ANOVA and Tukey’s HSD test
(p<0.05).
[RESULTS]
1. TBS test

Measurement results are shown in Table 3 and Fig. 5.
When the curing tip of Pen Cure was placed 6.0-mm from the adherend surface,
TBS was significantly lower than that of the control even though the irradiation
time was extended to 40s, and TBS equivalent to that of the control was obtained
by P60s. When the adherend surface was irradiated from 0.5-mm using the
MI-head, TBS equivalent to that of the control was obtained by M20s irradiation
(the adherend surface was 3.0-mm in diameter). However, when the tip was
2.00omm away from the adherend surface, TBS acquired by M20s-2 was
significantly lower than that of the control. A higher TBS was obtained in the
adherend surface with a 3.0-mm diameter than in that with a 2.0-mm diameter.
The results on the fracture surface after the TBS test are shown in Table 4.

Cohesive failure of CR and adhesive failure were observed in the fractured
surface irradiated at P10s and P20s from a 6.0-mm irradiation distance; however,
both cohesive failure of dentin and adhesive failure were frequently noted at P40s
and P60s with a prolonged irradiation time. In contrast, the cohesive failure of
dentin was noted in groups using the MI-head with a short irradiation distance.
When irradiation was applied from a 0.5-mm distance using the MI-head, the
cohesive failure of dentin was only observed in the central region of the fracture

surface.



2. Marginal leakage test

The marginal leakage test results and photographs of typical cases by the score
are shown in Table 5 and Fig. 6, respectively.

Using Pen Cure, marginal leakage was observed in all samples when the
bonding resin was irradiated for the time specified by the manufacturer, and
marginal leakage could not be prevented even though the irradiation time was
prolonged to P20s, P40s, and P60s. Furthermore, marginal leakage could not be
prevented using the MI-head. Score 0 was most frequently observed at P30s and
M20s-2.

3. Light intensity test

The results are shown in Fig. 7.

Light intensity was significantly lower under all irradiation conditions than that
irradiated from a 0-mm distance using Pen Cure. The intensity of light irradiated
from a 6.0-mm distance using Pen Cure was significantly lower than that a 0-mm

distance.

[Discussion]

Recent advances in bonding systems and the development of adhesive monomers
have increased the strength of bonds and improved adaptation with cavities!®.
Because CR restoration in dental practice has increased due to CR restoration
being recognized as a treatment method with favorable outcomes, the concept of
minimally invasive treatment®1V has spread. The increase in the light energy has

facilitated the polymerization of bonding resin and CR within a short time!7.19,
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However, even though light intensity has improved, an increase in the irradiation
distance reduces the light energy reaching the target of irradiation, leading to
decrease degree of polymerization of resin monomers?9. Therefore, a decrease in
adhesion to the cavity floor (particularly the gingival wall) may occur during the
CR restoration of class II cavities. The insufficient polymerization of bonding
resin causes marginal leakage and may result in secondary caries and discomfort,
such as pulpal irritation4 719, We investigated the adhesion on the gingival wall of
class II cavities using the MI-head, which has a small tip that is capable of being
inserted deep into cavities.

The results obtained in this study revealed that the bonding strength was
significantly lower at P10s and P20s than that of the control. TBS at P10s was
less than half that of the control, and no TBS equivalent to that of the control was
obtained even at P20s with a pronged irradiation time. No equivalent TBS could
be obtained until the irradiation time was prolonged to 60s, which suggests that
the sufficient polymerization of bonding resin cannot be obtained following the
manufacturer’s instructions when the irradiation distance is increased.

When irradiation was performed using the MI-head, the fractured surface
revealed light concentration on the center of the adherend surface and resulting
dentin cohesive failure in the central area and adhesive failure in the surrounding
area. However, when irradiating from a 2.0-mm distance, dentin cohesive failure
localized in the central region was not observed on the fracture surface,
suggesting that bonding resin had been completely and evenly irradiated.

Dye penetration close to the corner of the cavity was noted on the marginal

leakage test at P10s and P20s in many cases, which suggested the necessity of
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extending the irradiation time for bonding resin on the gingival wall because of
the longer irradiation distance in these cases. The degree of leakage was the
lowest at P30s, and this may have been due to sufficient polymerization of the
bonding resin in the entire cavity being obtained by irradiation from 3 directions.
Changes in the irradiation direction or sufficient prolongation of the irradiation
time may be necessary when a narrow, deep cavity, such as a class II cavity, is
irradiated using Pen Cure. One reason for the reduction in TBS with an increase
in the irradiation distance may be the insufficient polymerization of bonding,
which may be due to a reduction in light intensity reaching the adherend surface.
Another reason may be a difficulty in irradiating light from a position at which
light with the most stable intensity can be irradiated, resulting in an insufficient
or unstable light intensity20.

Light intensity measurements revealed that higher intensity was detected when
the measurement device was set at the center of the LED of Pen Cure, but
decreased to approximately half when the position slightly deviated from the
center, suggesting that technical difficulties increase with the irradiation distance.
In contrast, TBS equivalent to that of the control was obtained by a 20s or longer
irradiation time using the MI-head, which suggested that a close irradiation
distance and stable light intensity led to the sufficient polymerization of bonding
resin. However, although leakage close to the corner was frequently noted on the
marginal leakage test, that from the gingival wall margin of the cavity decreased.
Due to the small tip of the MI-head as a curing unit, light concentrates on one
point even when irradiation is performed while moving the tip. Therefore,

although bonding resin polymerization in the irradiated area is adequate, that in
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the surrounding area tends to be insufficient. Thus, even when the degree of
polymerization differs, no dye penetration is observed in the irradiated area, but
dye penetration may occur when polymerization is insufficient, leading to dye
penetration into the cavity. Such dye penetration was defined as wraparound
penetration, and counted separately. Although irradiation was applied from a
0.5-mm distance while moving the tip, the light may have been concentrated on
the margin of gingival wall, decreasing irradiation to the other wall regions,
through which the number of wraparound leakages may have increased. Light
was applied from a 2.0-mm distance using the MI-head to widen the irradiation
field. Although no marked irradiation time-associated difference was noted, TBS
was significantly higher than that at P10s. The high TBS has been attributed to
light not being concentrated on one point due to its application from a 2.0-mm
distance, resulting in homogeneous bonding resin polymerization. However, as
shown in Fig. 7, the reduction in light intensity could not be avoided, and no TBS
equivalent to that of the control was obtained. Moreover, marginal leakage could
not be prevented completely in the marginal leakage test, although a decrease
was observed in wraparound leakage. TBS, similar to that of the control, could be
obtained after irradiation for 10s when the adherend surface was 2.0-mm in
diameter. Therefore, the MI-head may be useful for the adhesion on the gingival
wall in the CR restoration of class II cavities; however, additional light irradiation

of other wall regions is necessary to prevent marginal leakage.

[Conclusions]

The results of this study suggest that improvements in the irradiation method
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and prolonged irradiation are necessary to achieve adequate bond strength of the

bonding agent applied to class II cavities using the MI-head.
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Tablel

Materials used

Materials

Code

Compositions

Lot

Manufacture

CR

Clearfil Majesty LV
(shade A3)

Lv

TEGDMA, Silanated
barium glass filler,
Silanted colloidal silica,
Hydrophobic aromatic
dimethacrylate

3D0004

Clearfil Majesty
(shade A3)

M

Bis-GMA,
Hydrophobic aliphatic
dimethacrylate,
Hydrophobic aromatic
dimethacrylate,Silanat
ed barium glass filler,
Pre-polymerized
organicfillerincluding
nano filler

0175AA

Bonding
system

Clearfil
Mega Bond

MB

MDP, BisGMA, HEMA,
Hydrophilic
dimethacrylate, CQ, N,
N-diethanol
p-toluidine, Silanated
colloidal silica, water

011581

Kuraray
Noritake
Dental

Grass
ionomer
cement

Fujill LC

LC

Powder:
Aluminofluorosilicate
glass, Pigment
Liquid: PAA, distilled
water, HEMA, CQ,

1301241

GC
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Table2 Light curing list

Curing light Irradiation time Irradiation Code Manufacture
unit distance

10seconds 2mm control
10seconds 6mm P10s

Pen Cure 20seconds emm P20s
40seconds emm P40s Morita .

Manufacturing
60seconds e6mm P60s
10seconds 0.5mm M10s
20seconds 0.5mm M20s
MI-head

10seconds 2mm M10s-2
20seconds 2mm M20s-2

Table3 Results of TBS (3mm diameter)

Light curing list | control | P10s | P20s | P40s | P60s | M10s | M20s | M10s-2 | M20s-2
MPa 26.6 12.6 144 | 208 | 25.7 18.7 24.8 16.9 18.1
(a) (b) (bc) (d) (ade) | (cdf) (ade) (becdfg) (cdfg)
SD 29 3.8 1.7 3.4 4.3 2.3 3.9 4.5 1.7
no significant difference in the same sign p>0.05
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Table4 Results of SEM images

p<0.05

Interfacial Cohesive Adhesive Cohesive
Failure Failure of CR | Mixed Failure Failure Failure of
dentin
control 1 3 4
P10s 8
P20s 8
P40s 4 3 1
P60s 6 2
M10s 3 4 1
M20s 1 3 4
M10s-2 1 5 2
M20s-2 2 5 1
Table5 Results of marginal leakage
Score0 Scorel Score2 Score3
P10s 1 1 5 1
P20s 2 1 4 1
P40s 1 1 4 2
P60s 1 1 6 0
P30s 3 4 0 1
M10s 0 1 3 4(*3)
M20s 2 0 2(*1) 4(*4)
M10s-2 2 4 0 2(*2)
M20s-2 3 4(*2) 0 1
22
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Fig 1. Ml-head
LED curing unit with a small head (2.1 mm diameter)

/ 6.0-mm-jig

6.0mm

2.0-mm-mold

Fig 2. Figure of attached jig
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Fig 3. Method of scoring leakage

Score0: no leakage

Scorel: leakage to enamel

Score2: leakage to dentin~not to line angle
Score3: leakage to line angle

6mm

Fig 4. Method of meaguring light intensity
24
a: fiber for measurement
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10

M10s M20s M10s-2 M20s-2 M10s M20s M10s-2 M20s-2

3mm diameter 2mm diameter
p<0.05

Fig 5. Results of TBS(3mm diameter and 2mm diameter)
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Score2

Score3 wraparound leakage

Fig 6. Results of leakage image
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Fig 7. Light intensity



