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Abstract

Purpose : Treatment based on the MI concept has recently become generally performed, and
restoration treatment using composite resin (CR) has increased. In the molar regions, CR
restoration is widely applied to class II cavities. However, in these cavities, a septum, such as
sectional matrix, is attached corresponding to the anatomical morphology of the tooth,
simultaneously with formation of a cavity with a narrow width minimizing tooth grinding for MI,
through which light for polymerization is unlikely to reach the gingival side wall in the deepest
region of the cavity. In this study, using halogen-type and light-emitting diode (LED) irradiators, we
measured the tensile bond strength at various irradiation distances and light intensities to
investigate the influence of irradiation energy of the irradiator on the bond strength of CR
restoration.

Methods : For the irradiator, a halogen-type irradiator, Curing Light XL.3000 (3M ESPE, XL) and
LED-type irradiators, Elipar™ S10 (3M ESPE, S10) and PENCURE 2000 (Morita MFG, PC) were
used. Light irradiation using PENCURE 2000 was applied using the normal mode (PC-N) and
high-power mode (PC-H).

Results : When light was irradiated from the lingual direction at 60° to the occlusal surface, the light
intensity significantly decreased using any irradiator, compared with that at an irradiation angle of
90°. When the irradiation distance was increased from 2 to 7, 12, and 22 mm, the light intensity
decreased using any irradiator, and the bond strength also decreased. When the light intensity of
the irradiators was increased from 100 to 200, 400, and 600 mW/cm?2, the bond strength improved.
When the light intensity of the irradiators was set at 100, 200, 400, and 600 mW/cm?2 and the
irradiation time was prolonged so as to obtain a uniform amount of light energy, the bond strength
at the light intensity of 100 and 200 mW/cm? significantly decreased compared with that of 600
mW/cm? although the irradiation time was increased.

Conclusion : Based on the above findings, for composite filling in class II cavities of the molars, it
may be desirable to use an irradiator with a light intensity of 400 mW/cm? or higher, and increase
the irradiation time as much as possible in each step of irradiation.
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Introduction

With recent improvement of the dentin adhesive system and physical properties of
composite resin, MI concept-based treatment has become generally performed!®, and
restoration treatment using composite resin (CR) has increased. In the molar regions, CR
restoration is widely applied to class II cavities*®. However, a septum, such as sectional matrix,
is attached corresponding to the anatomical morphology of the tooth in class II cavities of the
molars, simultaneously with formation of a cavity with a narrow width minimizing tooth
grinding for MI, through which light for polymerization is unlikely to reach the gingival side
wall in the deepest region of the cavity. Moreover, irradiation cannot be applied from directly
above because the irradiator is blocked by the cusp due to the occlusal relationship with the
opposite tooth, septum or a tool retaining the septum, and a rubberdam clamp, which may
result in oblique or distant irradiation?. It is questionable how much the light reaches the
deepest region of the cavity, and reduction of light intensity may influence the tooth
adhesiveness*?89.

In this study, using halogen-type and light-emitting diode (LED) irradiators, we measured
the tensile bond strength at various irradiation distances and light intensities to investigate the

influences of irradiation energy of the irradiators on the bond strength of CR restoration.

Materials and Methods

The irradiators used in the experiments are shown in Table 1.

For the irradiator, a halogen-type irradiator, Curing Light XL.3000 (3M ESPE, XL) and
LED-type irradiators, Elipar™ S10 (3M ESPE, S10) and PENCURE 2000 (Morita MFG, PC)
were used. Light irradiation using PENCURE 2000 was applied using the normal mode (PC-N)
and high-power mode (PC-H).

1. Measurement of light intensity of the irradiators
Experiment 1: Measurement of light intensity by irradiation distance

To investigate the influence of the irradiation distance on the light intensity of the
irradiators, the distance between the light receiver of a light intensity measurement device and
irradiated surface was set at 2, 7, 12, and 22 mm for each irradiator, a metal jig with a 3-mm
inner diameter and 2-mm height used in the adhesion test was set to the light receiver, and the

light intensity was measured. For the light intensity measurement device, a spectroscope,
Quest™ X (KONICA MINOLTA), was used.

Experiment 2: Measurement of light intensity by irradiation angle



To investigate the influence of auxiliary tools used for the septum in CR restoration on the
light intensity of the irradiators, an epoxy model reproducing a class II cavity of the right lower
first molar was prepared, and the light intensity was measured. To measure the intensity of
irradiated light on the region corresponding to the gingival side wall of the proximal step of a
class II cavity, a class II cavity with a 3-mm diameter and 6-mm depth was prepared in the
distal region of the right lower first molar of the epoxy model, and the model was prepared so
that the light receiver of a light intensity measurement device could be placed through the
bottom of the model (Fig. 1). For the light intensity measurement device, a spectroscope,
Quest™ X (KONICA MINOLTA), was used. To set a septum in the cavity-formed model tooth,
sectional matrix was used as an auxiliary tool, the gingival side wall of the proximal step was
irradiated under the following irradiation conditions, and the light intensity was measured: An
irradiation angle of 90° to the occlusal surface, or 60° to the occlusal surface from the lingual
direction (Fig. 2). Measurement was repeated 3 times under each condition, and statistical

analysis was performed using one-way layout analysis of variance and Scheffe’s test (p<0.05).

2. Measurement of dentin bond strength under various irradiation conditions
Preparation of adherend surface

A frozen extracted bovine tooth was thawed under running water. The labial side of the
crown was cut using a model trimmer to flatten the dentin surface, and polished with
waterproof abrasive paper in the order of #320 and #600, and this was used as a dentin
adherend surface. A metal jig with a 3-mm inner diameter and 2-mm height was fixed to the

dentin adherend surface with double-sided tape, to specify the adherend area.

Adhesion conditions

The materials used in the experiment are shown in Table 2.

For the dentin adhesive system, CLEARFIL® MEGA BOND® (Kuraray Noritake Dental,
MB) was used. The tooth surface was processed following the manufacturer’s instruction: The
primer was applied for 20 seconds, followed by low-pressure air blow for 5 seconds and
high-pressure air blow for 5 seconds. The bonding was then applied and the coating thickness
was made homogenous by low-pressure air blow. Light irradiation was applied under the
irradiation conditions of each experiment. A commercial CR was then filled in the jig under the
irradiation conditions of each experiment. For CR, CLEARFIL® AP-X Shade A3 (Kuraray
Noritake Dental, APX) was used.

Experiment 1: Influence of irradiation distance on bond strength
To investigate the influence of the irradiation distance on the bond strength of CR
restoration, various irradiation distances to the bonding and CR were set, and the tensile bond

strength was measured. Regarding the irradiation conditions, the distance between the dentin



adherend surface and surface irradiated by each irradiator was set at 2, 7, 12, and 22 mm, and

MB and APX were irradiated for 10 and 20 seconds, respectively, using each irradiator.

Experiment 2: Influence of light intensity on bond strength

To investigate the influence of the light intensity of irradiation on the bond strength of CR
restoration, the intensity of light irradiated to the bonding and CR was specified, and the
tensile bond strength was measured. PENCURE 2000 was modified by Morita MFG, and a
prototype LED irradiator (prototype PC) with adjustable light intensity was prepared.
Regarding the irradiation conditions, this experiment was performed using only the normal
mode, and the distance between the dentin adherend surface and surface irradiated by the
irradiator was set at 2 mm. The light intensity of the prototype PC was measured using a
spectroscope, Quest™ X (KONICA MINOLTA). The light intensity was set at 100, 200, 400, 600,
800, and 1000mW/cm2, and MB and APX were irradiated for 10 and 20 seconds, respectively.

Experiment 3: Influence of the amount of light energy (light intensity and irradiation time) on
bond strength

To investigate the influence of the light intensity and irradiation time on the bond
strength of CR restoration, these of light irradiation applied to the bonding and CR were
specified, and the tensile bond strength was measured. For the irradiator, the prototype PC
with adjustable light intensity was used, as in Experiment 2. Regarding the irradiation
conditions, this experiment was performed using only the normal mode, the distance between
the dentin adherend surface and surface irradiated by the irradiator was set at 2 mm, and the
irradiation time was set under the following conditions. The irradiation conditions of 600
mW/cm? applied to MB and APX for 10 and 20 seconds, respectively, were regarded as control
groups, and the total energy of irradiated light was uniform with that of the control groups, i.e.,
for irradiation at 100 mW/cm?, the irradiation time was extended 6-times (60 and 120 seconds
for MB and APX, respectively), for irradiation at 200 mW/cm?2, the irradiation time was
extended 3-times (30 and 60 seconds for MB and APX, respectively), and for irradiation at 400
mW/cm?, the irradiation time was extended 1.5-times (15 and 30 seconds for MB and APX,

respectively). The number of samples was 5 for each condition.

Measurement of tensile bond strength and statistical analysis

Prepared adhered samples were stored in 37°C water for 24 hours, and then subjected to
tensile bond strength measurement at CHS=0.3 mm/min using a tension testing machine,
IM-20 ANTESCO). Five samples were measured under each condition, and statistical analysis

was performed using one-way layout analysis of variance and Scheffe’s test (p<0.05).



Observation of fracture surface after adhesion test

After tensile bond strength measurement, the fracture surface was coated with gold vapor
deposition using an ion sputtering device, JFC-1500 (JEOL), and observed under a scanning
electron microscope, JSM-5610 (JEOL).

Results

1. Measurement of light intensity of irradiators
Experiment 1: Measurement of light intensity by irradiation distance
The light intensity measured at each irradiation distance is shown in Fig. 3.
The intensity of light emitted by any irradiator significantly decreased as the irradiation

distance increased.

Experiment 2: Measurement of light intensity by irradiation angle
The light intensity measured at each irradiation angle is shown in Fig. 4.
Using any irradiator, when light was emitted at 60° to the occlusal surface, the light

intensity significantly decreased compared with that at 90°.

2. Measurement of dentin bond strength under various irradiation conditions
Experiment 1: Influence of irradiation distance on bond strength

The results of tensile bond strength measurement are shown in Fig. 5.

Using any irradiator, the bond strength decreased as the irradiation distance increased.
The bond strength significantly decreased when the irradiation distance was 22 mm compared
with that at an irradiation distance of 2 mm. No significant difference was noted at an
irradiation distance of 7 or 12 mm compared with that at 2 mm.

The results of fracture surface observation are shown in Tables 3.

Using any irradiator, dentin cohesive failure or mixed failure was frequently observed
when the irradiation distance was short, and interfacial or resin cohesive failure increased with

the irradiation distance.

Experiment 2: Influence of light intensity on bond strength

The results of tensile bond strength measurement are shown in Fig. 6.

The tensile bond strength increased with the light intensity up to 600 mW/cm?. The
increase was significant at 400, 600, 800, and 1000mW/cm?2 compared with that at 100 mW/cm?2,
and at 600, 800, and 1000 mW/cm?2 compared with that at 200 mW/cm?2.

The results of fracture surface observation are shown in Table 4.

Using any irradiator, interfacial or resin cohesion failure was frequently observed when



the light intensity was low, and dentin cohesion or mixed failure increased with the light

intensity.

Experiment 3: Influence of the amount of light energy (light intensity and irradiation time) on
bond strength

The results of tensile bond strength measurement are shown in Fig. 7.

When the total amount of light energy emitted was specified, compared with the tensile
bond strength at 600 mW/cm?2, the strength decreased at the other light intensities, and the
decrease was significant at 100 and 200 mW/ecm? compared with that at 600 mW/cm2,

The results of fracture surface observation are shown in Table 5.

When the total amount of light energy emitted was specified, resin cohesion failure
was frequently observed at 100 mW/cm2. Dentin cohesion or mixed failure increased with the

light intensity.
Discussion

For visible light-cured CR, camphorquinone is used as a polymerization initiator. A
photosensitizer, camphorquinone, absorbs about 470 nm wavelength light, being excited, and
initiates polymerization through acting on the polymerization initiator, tertiary amine.
Accordingly, an irradiator with a peak light wavelength near 470 nm is necessary to polymerize
visible light-cured CR.

Halogen lamps have been used as a light source from the beginning of camphorquinone
use. It is an incandescent light bulb and its light-emitting mode is the same as that of electric
bulbs used in homes. Halogen lamps emit about 370-nm low-wavelength light near ultraviolet
light over 700-nm visible light and longer-wavelength infrared light. Since long-wavelength
light, such as infrared light, generates heat in irradiated photo-curing materials and teeth, it is
removed using a filter. The wavelength after passing through a filter is about 400-500 nm.
Since halogen lamps generate a large amount of heat and require a fan to cool the electric bulb,
the gun type is frequently used, but it is wired and has a large irradiation part, with which the
molar region may be difficult to irradiate.

Irradiators have been developed as the demand for CR restoration increased, and
high-output, cordless, and lightweight irradiators have been developed, aiming at shortening of
treatment time, simplifying operation, and economic improvement, for example, a plasma
irradiator capable of shortening the irradiation time for CR polymerization using plasma beam,
and a cordless, lightweight LED irradiator with improved economic efficiency'® . The pace of
LED irradiator development is rapid. LED irradiators emit light of a specific wavelength
range” , unlike halogen light, which has advantages and disadvantages. The advantages are:

emission of light within a wavelength range appropriate for CR polymerization from a solid



light source, low electricity consumption compared with that of the conventional halogen
irradiator, and long durability of the light source . In addition, many products have a pen
shape because a filter to remove the extra wavelength range is unnecessary because of low heat
generation, with which the molar region can be easily irradiated'2¥ . Regarding disadvantages,
it was previously possible that polymerization is insufficient when the light absorption region of
a sensitizer contained in light-cured materials, such as CR and bonding materials, is present
outside the wavelength range of light emitted by LED415 | but now, another polymerization
initiator with a different sensitization range is contained, in addition to camphoquinone,
improving polymerization. A lack of the light intensity of LED irradiators was also a previous
concerned, but a product with an irradiation intensity higher than that of halogen visible light
irradiators has recently been launched'® . Indeed, the intensity of the LED light source was
higher than that of the halogen light source in this study. The light intensity was measured on
the assumption that irradiation from right above is difficult due to the occlusal relationship
with the opposite tooth and interference with various tools. When irradiation was applied from
the lingual direction at an irradiation angle of 60° to the occlusal surface, the light intensity
significant decreased compared with that at 90°, using any irradiator. Since a sectional matrix
was used as a septum in this experiment, it was difficult for light to linearly reach the light
receiver-attached gingival side wall from the occlusal surface direction. Irradiation should be
applied vertically to the irradiation field, but it may be difficult in actual clinical practice?. A
pen-type irradiator with a small emitter easy to handle during irradiation should be selected.
In the light intensity measurement of the irradiators, it was measured with an increase in
the irradiation distance. Using any irradiator, the light intensity decreased as the irradiation
distance increased. Since light is attenuated in inverse proportion to square of the distance,
irradiation should be applied from a site as near as possible, but setting an irradiator close to
the target is difficult in clinical practice?. Regarding the influence of the irradiation distance on
adhesion, using any irradiator, the bond strength decreased as the irradiation distance
increased, and interfacial or resin cohesion failure increased on the fracture surface. Regarding
the influence of the light intensity on adhesion, using any irradiator, the tensile bond strength
decreased at 100 and 200 mW/cm?2, and interfacial or resin cohesion failure was frequently
observed on the fracture surface, suggesting that, regardless of the cause being either the
irradiation distance or light intensity of the irradiator, attenuation of the light intensity
reaching the adherend surface prevented polymerization of the bonding material or CR, or
caused heterogeneous polymerization, forming a vulnerable region in the adhesion layer!%9,
Regarding adhesion with the tooth, polymerization induced by each step of irradiation may
have occurred in each of the resin-impregnated layer, bonding material, and CR in the adhesive
interface. When a vulnerable region is formed in some parts of the adhesive layers, various
stresses may be finally concentrate in the most vulnerable layer and destroy it. Thus, sufficient

polymerization of all adhesive layers is essential'¥29,



Theoretically, the resin polymerization rate is determined by the amount of light energy
irradiated. The amount of light energy is the product of the light intensity and irradiation time
(amount of light energy=light intensity x irradiation time). It is considered that when the
amount of light energy is the same, the rate of resin polymerization induced by light emitted by
an irradiator is the same between irradiations at a low light intensity for a long irradiation
time and at a high light intensity for a short time262?, However, in the adhesion test of
Experiment 3, the tensile bond strength did not completely recover even though the irradiation
time was prolonged, suggesting that although the resin polymerization rate may recover when
the amount of light energy is the same, adhesion with the tooth did not occur in the theoretical
pattern because polymerization behavior differs among the adhesive layers.

For countermeasures, based on these results, it may be necessary to use an irradiator with
a light intensity of 400 mW/cm? or higher and increase the irradiation time in each step as
much as possible, or use a high-output irradiator as much as possible, for which identification
of the light intensity of an irradiator used is necessary to determine the irradiation time. In
addition, it is important to constantly confirm that a specific light intensity is obtained because

the light intensity decreases when the tip of the irradiator is damaged or adhered with resin.

Conclusion

To investigate the influence of the light intensity of irradiators on dentin adhesiveness,
light intensity measurement at various irradiation distances and angles and tensile bond
strength tests were performed, and the destruction pattern was evaluated after the test.

1. When light was irradiated from the lingual direction at 60° to the occlusal surface, the light
intensity significantly decreased using any irradiator, compared with that at an irradiation
angle of 90°.

2. When the irradiation distance was increased from 2 to 7, 12, and 22 mm, the light intensity
decreased using any irradiator, and the bond strength also decreased.

3. When the light intensity of the irradiators was increased from 100 to 200, 400, and 600
mW/cm?, the bond strength improved.

4. When the light intensity of the irradiators was set at 100, 200, 400, and 600 mW/cm? and the
irradiation time was increased so as to obtain a uniform amount of light energy, the bond
strength at the light intensity of 100 and 200 mW/cm? significantly decreased compared with
that of 600 mW/cm? although the irradiation time was increased.

Based on the above findings, for composite filling in class II cavities of the molars, it may
be necessary to use an irradiator with a light intensity of 400 mW/cm? or higher and increase

the irradiation time as much as possible in each step of irradiation.



The light receiver

Fig.1 Devices for measuring light intensity of irradiators

Fig. 2 Trradiation angle of irradiators for measuring light intensity
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The intensity of light emitted by any irradiator significantly decreased as
the irradiation distance increased.
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Using any irradiator, the tensile bond decreased as the irradiation distance
increased. The tensile bond strength significantly decreased when the
irradiation distance was 22 mm compared with that at an irradiation distance
of 2 mm. No significant difference was noted at an irradiation distance of 7 or
12 mm compared with that at 2 mm.
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The tensile bond strength increased with the light intensity up to 600
mW/cm?. The increase was significant at 400, 600, 800, and 1000mW/cm?
compared with that at 100 mW/cm?, and at 600, 800, and 1000 mW/cm?
compared with that at 200 mW/cm?2.
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When the total amount of light energy emitted was specified, compared with the tensile
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decrease was significant at 100 and 200 mW/cm? compared with that at 600 mW/cm?.
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Table1 The irradiators used in this study

Irradiator Type Manufacturer ~ Code
Curing Light XL3000 Halogen 3M ESPE XL
Elipar S10 LED 3M ESPE S10
Pencure 2000 LED MORITA PC
Table 2 Materials used in this study
Name Manufacture Lot No. Code
Clearfil ; s . -
Bonding sysiom Kuraray Noritake  Pr imer 8K004i 7 MB
Mega Bond Dental Bonding 8D0079
; 3 Clearfil AP-X Kuraray Noritake
: 5 APX
Composite resin (ehade: A3 S 01305A
Table 3 Tensile fracture surface of each irradiators
Irradiation | Cohesive i } Cohesive Irradiation | Cohesive ] ; Cohesive
FI— e Bf:lt‘““ Il‘;r‘*'"fa"“’ Ehiroof | | idusne | Bashoaof ]’;_’:’]f‘““ Il‘f‘r‘*"'ﬁ"’“‘ fushiroof
(mm) dentin L = resin (mm) dentin A 2 resin
2 1 2 0 2 2 0 3 0 2
7 2 92 0 1 T 1 1 0 3
12 2 1 0 2 12 0 1 0 4
22 0 0 0 5 22 0 0 24 3
XL S10
Irradiation | Cohesive : : Cohesive Irradiation | Cohesive . Y Cohesive
dilianos: | Easlonsof ]"f";;‘lt‘“"‘ Il‘;*"fam Bileauf | | distimse |iEailieel ]’f;’]f‘““ Illf‘r‘*"'f""“‘ Faiduosolk
(mm) dentin e, 2 resin (mm) dentin ANEE: A resin
2 1 2 0 2 2 3 0 0 2
T 3 2 0 0 T 1 1 0 3
12 0 3 0 2 12 0 0 0 5
22 0 0 2 3 22 ] 0 0 5
PC-N PC-H
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Table4 Tensile fracture surface of experimental PC

e T e T s | | G2
(mW/em?) dentin Teiilaee S resin
100 0 0 5 0
200 0 0 5 0
400 1 2 0 2
600 2 3 0 0
800 0 1 3 1
1000 2 3 0 0

Table5 Tensile fracture surface of experimental PC

_ Light ColESIVE | e sre. | Toterfd) | Cobesve

intensity failure of £ail fr failure of

(mW/ecm? dentin atture ac resin
100 0 1 0 4
200 1 3 0 1
400 1 4 0 0
600 2 3 0 0
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IR, MIOBERIZHEDW IR 272 0, REBHOEEIZHB T IER T CRAEEMAATHOID K o1
725 TS, L LKEBRO DRRERTIE, MIIC &2 EHIBREZ A2 72RO ERER S D &[RRI, &2
vatw b v R EOEOREAFIRERIC G T RS S AT, BRSO RS E CEEDZDO
KBRS VEREEE 72D, ZZTAIETHE, e VRIS &5 A A — R (L%, LED) MU#sz W, o
HEESRF D IRGFRESS L OYEIRIE 2 HUE L CRIIRBESTRS ZIIET 2 Z & C, BRI =1L —73 CRAEERrOEEE IR
X252 BRI TSN TR AT o 7.

[FrkHs L O]

JERREER I~ 7 AN & L C Curing Light X1L3000 (3M ESPE, XL) %, LED AD{42EE LC Elipar™ S10
(3M ESPE, S10) & PENCURE 2000 (& U #8{EfT, PC) M Liz. 2N EROMKEEEEE 2mm, 7mm, 12mm,
22mm ([ZHUE L, WIREDR L UG IREERI OMEZ T2, Fiz, JEHRHEROBREZ 100, 200, 400, 600, 800,
1000mW/em* ([ZHUE L, BIFREETRES ORIEZIT>72.

[FE5ds LOvE£]

FRATRRO PRI A BE A ATRIIRT LT 90° (2 LA LT, DGR BRETIZRT LT 60° (DIBH L2, &
NTORRFH B ORI IR T Lie. ISRRORANEREL 2, 7, 12, 22mm E¥NESE5 L, TXCORNE
IZBWOMREIIK T L, BE5MS bIRT L. RERERONGGREE S 100, 200, 400, 600mW/em® EHEINSE D&, HoEM
i3 Uiz, FRERZROYEREE A 100, 200, 400, 600mW/em’IZHUEL, THENORTFNX—BER LD LI
FRSIRER A AR L7354, 100, 200 mW/em® OJEHREE CRERRHI A AER L C b EEEIR I 1L 600mW/om® IZHES THEIIR T
L7

DT LMD, EEEHERA RN X > OUIERONGREE MK T 5720, BRI BIRT 5B 6N 5.

[#57m)

KEWO EFR~D 2 R Y v NFEEOEE, JEIRED 400mW/em® L EOREIREERA L, £AT v 7 OfREHTI

T, A TEOMRYRIERT D T ENHEE LN EAVRRINT-.

F—U—NOGsRE, MRAEEE SUPEBOEMRS
FEE SRR 5l 8
T573-1121 KBFBOT THGEEMEREIET 8-1  KBREERIRFA R e i e R R R A7 H

TEL: 072-864-3077, FAX: 072-864-3177
E-mail: kazushi@cc.osaka-dent.ac.jp
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