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Ⅰ. INTRODUCTION

The property improvement of composites enables

it to play an important role in indirect restora-

tion. However, the improvement is not effectual

unless the right reinforcing materials are used.

* Corresponding author: Kyoung-Kyu Choi

Department of Conservative Dentistry, Division of

Dentistry, Graduate of Kyung Hee University

1, Hoegi Dong, Dongdaemun Gu, Seoul, 130-702, Korea

Tel: 82-2-958-9337     

E-mail: kkyu@khu.ac.kr

The effect of reinforcing methods on fracture 

strength of composite inlay bridge

Chang-Won Byun, Sang-Hyuk Park, Sang-Jin Park, Kyoung-Kyu Choi*

Department of Conservative Dentistry, Division of Dentistry, Graduate of Kyung Hee University

ABSTRACT

The purpose of this study is to evaluate the effects of surface treatment and composition of rein-

forcement material on fracture strength of fiber reinforced composite inlay bridges.

The materials used for this study were I-beam, U-beam TESCERA ATL system and ONE

STEP(Bisco, IL, USA). Two kinds of surface treatments were used; the silane and the sandblast.

The specimens were divided into 11 groups through the composition of reinforcing materials and the

surface treatments.

On the dentiform, supposing the missing of Maxillary second pre-molar and indirect composite

inlay bridge cavities on adjacent first pre-molar disto-occlusal cavity, first molar mesio-occlusal cavi-

ty was prepared with conventional high-speed inlay bur.The reinforcing materials were placed on the

proximal box space and build up the composite inlay bridge consequently. After the curing, specimen

was set on the testing die with ZPC. Flexural force was applied with universal testing machine (EZ-

tester; Shimadzu, Japan). at a cross-head speed of 1 ㎜/min until initial crack occurred. The data

wasanalyzed using one-way ANOVA/ Scheffes’post-hoc test at 95% significance level.

Groups using I-beam showed the highest fracture strengths (p < 0.05) and there were no signifi-

cant differences between each surface treatment (p > 0.05). Most of the specimens in groups that

used reinforcing material showed delamination.

1. The use of I-beam represented highest fracture strengths (p < 0.05).

2. In groups only using silane as a surface treatment showed highest fracture strength, but there

were no significant differences between other surface treatments (p > 0.05).

3. The reinforcing materials affect the fracture strength and pattern of composites inlay bridge.

4. The holes at the U-beam did not increase the fracture strength of composites inlay bridge. [J Kor

Acad Cons Dent 32(2):111-120, 2007]
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There has been many reports1-6) in attempt to

reinforce mechanical properties of fiber-reinforced

composites (FRC) by using different types of

fibers and positioning them differently. Recently,

some studies reported1,2) that the positioning and

adaptation of fiber influenced the load to initial

and final failure and deflecting the specimen, and

fiber slightly away from the tensile side improved

the flexural properties. Lassila et al3) asserted

that the fiber rich layer should be spread vertical-

ly in order to optimize the stiffness of FRC fixed

partial dentures. The maximum effect of reinforc-

ing should be obtained by applying the material

right on the tensile side of the restoration. But

clinically, the exposure of fiber can cause plaque

to accumulate and this may lead the restoration

to fail. Additionally in the case of fixed partial

denture, clinical design and lab procedure turned

out to be much more difficult than experimental

design. For these reasons, there were limitations

to positioning the reinforcing materials in FRC

and proportion of those in restoration was consid-

erably low. In order to take advantage of reinforc-

ing materials with low quantity, the composition

and position of reinforcing materials were opti-

mized to transfer tensile stress from occlusion.

Another important factor affecting the mechani-

cal properties of FRC is the adhesion between the

reinforcing materials and surrounding composites.

If there is not proper adhesion, the stress from

occlusion could not be transferred to the reinforc-

ing materials. Then the reinforcing materials

would become a void and they might weaken the

flexural strength of FRC. 

Silane coupling agents have been widely used in

dentistry to improve the bond of inorganic sub-

stances (glass, quartz etc) and the properties of

composites. The silane has bifunctional groups,

with one end (CH3O) reactive towards the silica

and the other end reactive towards the resin

matrix. Therefore, silane acts as a coupling agent,

chemically reacting both with the silica and the

resin matrix. As for silane, the most desirable

application is on the monolayer, which is the most

reactive property. If a multi-layer structure is

formed in silane, cross-linking may occur and the

chance of monomers making cross-links with the

silane is reduced. Composites with silanated

fillers represent superior mechanical properties

than composites with non-silanated fillers.

Recently, Alireza et al.7) reported surface treat-

ment by silane coating, sandblasting, combination

of silane coating and sandblasting significantly

promoted the bond strength of resin cements to

glass fiber posts. Debnath et al4) reported interfa-

cial shear strengths glass/resin were greater for

silanated specimens compared with unsilanated

specimens. 

Fracture of FRC due to external force may cause

the resin composites matrix, reinforcing materi-

als, or the interface to cracking. The cracking of

FRC that occurred in the internal and external

side can be evaluated by means of acoustic emis-

sion signals. At the point of clinically used FRC,

an important parameter might be the initial fail-

ure of restoration. Before permanent deformation,

damage and initial failure of restoration may

induce or accelerate undesirable effects. Initial

failure may consequently be a more sensitive or

useful an indicator than ultimate strength for

experimental strength evaluation and possible

interpretation. 

Actually, there are many kinds of reinforcing

materials (U-beam, I-beam, bundle, mesh etc.),

and combinations of the reinforcing materials that

have been used. But there had been none of the

study on the composition of reinforcing materials

yet. The purpose of this study is to evaluate the

effects of surface treatment and composition of

reinforcement material on fracture strength of

fiber reinforced composite inlay bridges.

Ⅱ. MATERIALS AND METHODS

The experimental design was not aimed at hexa-

hedral specimens but the clinical replicative spec-

imens. A total of 83 fiber reinforced composite

inlay bridges were made by one operator with

hand instruments and Tescera ATL laboratory

kit. All the laboratory procedures were guided by

the manufacturer’s instruction.

The materials used in this study was shown in
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Table 1. The reinforcing materials used in this

study were quartz fiber in an epoxy matrix, which

is in the shape of a U and a I (BISCO. Inc. IL,

USA). The reinforcing materials were fabricated

to meet the dimensions of the proximal box. After

the fabrication, a U-beam with 3.0 ㎜ in width,

2.0 ㎜ in height, 10.0 ㎜ in length was used.

The two I-beams that were used had different

diameters; 1.8 ㎜ and 1.4 ㎜. The I-beam with 1.8

㎜ diameter was used alone, whereas the one with

1.4 ㎜ diameter was used with the U-beam. I-

beams were fabricated only to the length 10.0 ㎜,

and when it was used without the U-beam, two

pieces of I-beams were inserted in the composites

inlay bridge specimen.

Two kinds of surface treatments were applied;

the silane and the sandblast. Porcelain primer (3-

Methacryloxypropyl-trimethoxysilane) (BISCO.

Inc. IL, USA) was used as a silane, and alu-

minum oxide that had a particle size of 25 - 50 ㎛

was used for the sandblast (Renfert, Hilzingen,

Germany). In addition, to evaluate the role of

adhesion of reinforcing material to the compos-

ites, 3 holes were made at the U-beam for

mechanical aid. Indirect composites system

Tescera ATL and Tescera ATL composites that

had shade A2 were used. ONE-STEP was used

for the bonding agent. The specimens were divid-

ed into 11 groups according to the composition of

reinforcing materials and surface treatments

(Table 2). 

1. Specimen preparation

On the dentiform, supposing the missing of

Maxillary second pre-molar and indirect compos-

ites inlay bridge cavities on adjacent first pre-

molar disto-occlusal cavity, first molar mesio-

occlusal cavity was prepared with conventional

high-speed inlay bur. The depth of occlusal cavi-

ties were 2.0 ㎜ and the dimension of proximal

box was 4.0 × 2.0 × 1.5 ㎜ (Figure 1). 

Impression of dentiform was taken using light

body rubber impression material. For composites

inlay bridge. build up, the working dies were

made with rubber impression and improved gyp-

sum (GC, Leuven, Belgium). For fracture test,

the testing dies were made with rubber impres-

sion and epoxy resin (Daeheung, Ansan, Korea).

The epoxy testing dies were adjusted for fracture

strength test. 

Surface treatment of reinforcement materials

was carried out as follows; Silane was applied

twice continuously to the reinforcing material

with a brush and left for 1 minute. Sandblast was

performed perpendicularly with aluminum oxide
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Table 1. Materials used in this study

Materials Composition Manufacturer Note

U - Beam
Quartz fibers in an epoxy 

BISCO. Inc. (IL, USA) width : 3.0 ㎜
matrix

I - Beam
Quartz fibers in an epoxy 

BISCO. Inc. (IL, USA)
Diameter : 1.4 ㎜

matrix : 1.8 ㎜

Porcelain primer Ethanol, Acetone, Silane
(3-Methacryloxypropyl-

BISCO. Inc. (IL, USA)
trimethoxysilane)

Sandblast Aluminum oxide Renfert (Hilzingen, Germany) Particle size : 25 - 50 ㎛

Dentin A2

Tescera ATL
Bis-GMA, UDMA, Glass

BISCO. Inc. (IL, USA) Body A2
frit, Silica Incisal Yellow

Tesceraflo OA2

ONE-STEP
Bis-GMA, HEMA, initiator, 

BISCO. Inc. (IL, USA)
Acetone



(25 - 50 ㎛) with a distance of 1 ㎝ for 5 seconds.

After the sandblast, the reinforcing material was

cleaned with ultrasonic unit in distilled water for

20 seconds. For the mechanical retention, 3 holes

were made on the U-Beam with a high- speed

round bur with a 1 ㎜ diameter.

The control group was built up with the Tescera

dentin, body, and incisal composites. The layer of

the Dentin composites was made as thin as possi-

ble on the working die. When the layer was once

built up, the specimen was cured in the light cup.

Body composites were built up 3 times. Then the

Incisal composites were built up to a thickness of

about 0.5 - 1 ㎜. During the build up the body,

incisal composites, and the saddle was foamed by

a steel ball with a diameter of 4.16 ㎜ to apply to

the load. When the final build up of incisal com-

posites was done, the specimen was cured in the

heat cup. After curing, specimens were fabricated

according to the eight landmarks, for standard-

ization (Figure 2). Fabrication was done by using

digital caliper, metal crown depth gauge, high

speed polishing burs and soflex disc. Specimens

were stored for 1 week in distilled water at room

temperature. The composites inlay bridges were

set on the testing die using zinc phosphate

cement.

In the case of using the reinforcing materials,

they were cleaned in acetone for 10 seconds.

Silane was applied twice continuously to the rein-

forcing material with a brush and left for 1

minute. After the silane dried out, ONE-STEP

was applied at the reinforcing material with a

brush and was left for 20 seconds and blown with

air and light cured. The reinforcing materials

were placed in the proximal box space of the gyp-

sum working die with using flowable composites

(TESCERAFLO) and light cured. Composites

inlay bridge was built up with the Tescera dentin,

body, and incisal composites as mentioned previ-

ously. During the build up of the body and incisal

composites, the saddle was foamed by a steel ball

with a diameter of 4.16 ㎜ to apply to the load.

When the final build up of incisal composites was

done, the specimen was cured in the heat cup.
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Table 2. Experimental groups classification by reinforcing material and surface treatment

Reinforcement material Surface Treatment Code

Control No reinforcement C

I - Beam
Silane IS

Sandblast + Silane IBS

U - Beam
Silane US

Sandblast + Silane UBS

U hole - Beam
Silane UhS

Sandblast + Silane UhBS

I + U Beam
Silane IUS

Sandblast + Silane IUBS

I + U hole Beam
Silane IUhS

Sandblast + Silane IUhBS

Figure 1. Dimension of indirect composites inlay

bridge cavity.



After the curing, specimens were fabricated

according to the eight landmarks, for standard-

ization (Figure 2). Specimens were stored for 1

week in distilled water at room temperature. The

composites inlay bridges were set on the testing

die by using zinc phosphate cement.

2. Fracture Strength measurement

The specimens were placed on the testing zig of

Universal testing machine (EZ-tester; Shimadzu,

Japan), and put on the steel ball with a 4.16 ㎜

diameter. And then flexural force was applied at

a cross-head speed of 1 ㎜/min until initial crack

occurred. The load-deflection curves were record-

ed with PC and recording software (WinAGS

Lite). 

3. Statistic analysis

The data was analyzed using one-way ANOVA/

Scheffes’post-hoc test at 95% significance level.

Ⅲ. RESULTS

The mean and standard deviation of the fracture

strengths of each group were shown in Table 3. 

Most of the groups showed higher strengths

than the control group, but some groups showed a

similar level (Figure 3). Groups using I-beam
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Figure 2. 8 Landmarks on Tescera inlay bridge specimen.

① Buccal Height of Contour

② Lingual Height of Contour

③ Occlusal Cavity of 1st premolar

④ Proximal Box of 1st premolar

⑤ Central fossa

⑥ Occlusal Cavity of 1st molar

⑦ Proximal Box of 1st molar

⑧ Width of Pontic tooth 0.5 ㎜ from bottom

Table 3. Fracture strength (N) of experimental group (mean ± S.D)

Reinforcement material Surface Treatment Code Average Fracture Strength ± SD (N)

Control No reinforcement C 240.1 ± 74.9 (n = 8)

I - Beam
Silane IS 419.7 ± 117.3 (n = 6)

Sandblast + Silane IBS 325.9 ± 84.4 (n = 7)

U - Beam
Silane US 308.0 ± 81.6 (n = 8)

Sandblast + Silane UBS 265.2 ± 56.8 (n = 8)

U hole - Beam
Silane UhS 318.1 ± 73.5 (n = 8)

Sandblast + Silane UhBS 301.0 ± 84.2 (n = 8)

I + U Beam
Silane IUS 282.1 ± 124.0 (n = 8)

Sandblast + Silane IUBS 242.7 ± 113.1 (n = 8)

I + U hole Beam
Silane IUhS 253.8 ± 99.6 (n = 7)

Sandblast + Silane IUhBS 270.2 ± 107.6 (n = 7)
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Figure 3. Most of reinforcing groups had higher

fracture strengths than the control group.

Figure 5. The silane showed highest fracture

strengths. To make holes did not affect the fracture

strengths.

Figure 6. Except the control, most of groups showed

delamination with fracture mode.

FFiigguurree 44.. The group using I-beam showed highest fracture strength.

Figure 7a. Vertical fracture on the pontic tooth area. Figure 7b. Delamination from marginal ridge to the

occlusal floor of abutment tooth obliquely.

Fracture Strengths of Composite inlay Br. Fracture Strengths with different reinforcing materials

Fracture modeFracture Strengths with different surface treatments
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showed the highest fracture strengths and there

were significant differences from the control group

and the groups using a combination of the I and

U beam (p < 0.05) (Figure 4). Although there was

not a significant difference, groups using a combi-

nation of the I and U beam showed lower strength

than singly using the U-beam. Groups using

silane as surface treatment showed the highest

fracture strength, but there were other significant

differences among each surface treatment (p >

0.05) (Figure 5).  

The main fracture pattern of the control group

was vertical fracture. However, most of the speci-

mens in groups that used reinforcing material

showed delamination (Figure 6). Vertical fracture

was occurred at the pontic tooth, but delamina-

tion was processed from marginal ridge to the

occlusal cavity of abutment tooth obliquely

(Figure 7a, b). There was definite difference

between the fracture mode of the control and

reinforcing groups. But, there was no difference of

fracture occurrences between both of the first

molar and the first premolar.

Ⅳ. DISCUSSION

Following the minimal invasiveness principle,

the composites inlay bridge could be useful when

missing space is narrow or has intact adjacent

teeth. The failure of composites inlay bridge is

supposed to be a failure of tooth-restoration inter-

face. However, in this study, as we want to see a

fracture strength of composites inlay bridge itself,

the condition of cementation was excluded. 

The initial fracture could be acknowledged if fol-

lowing conditions were presented; 1) audible emis-

sions caused by the generation of elastic waves by

crack formation, 2) visible signs of fracture, 3) a

sharp decline in the load-deflection curve.

Following the classification by Craig and

Courtney17), there were three types of fracture

mode that could occur while the FRC in a tension

type test; those were instantaneous, statistical,

and step wise failure. The patterns of initial fail-

ure in this study were primarily delamination

that was represented running of crack from the

occlusal cavity to the marginal ridge and most of

those were classified statistical type that had a

strain concentration distributed to a wide region

may require further load to elongate the crack.

Most of specimens in control group were showed

vertical fracture and reinforcing groups were

showed delamination. Although the fracture

strengths of specimen were similar, there were

definite different patterns of fracture between

control and reinforcing groups. 
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Figure 8a. Typical load-deflection curve of Control

group. Sharp decline of curve represent the initial

crack point.

Figure 8b. Typical load-deflection curve of reinforcing

groups. Sharp decline of curve representthe initial

crack point.

Figure 8 a, b. had presented typical load-deflection curves of control and reinforcing groups.
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Ozcan et al5) reported a large amount of resin

composites surrounding the fiber at the connector

area may decrease the strength. And they also

reported in a restoration with small box dimen-

sions, the transmittance of the force was more in

the FRC restoration. Volumetric analysis of the

groups used different reinforcing materials at the

box space; I-beam 63.61%, the I and U beam

47.52%, U-beam  28.27%. However, following the

previous results, the group using only the I-beam

showed a significantly higher strength whereas

even the group using a combination of the I and

U beam showed lower strength than using U-

beam alone. It seemed that the combination of

reinforcing materials didn’t work as one unit and

there were interferences to transfer the stress

between each reinforcing materials. In dental use

there were limitations of applying the reinforcing

materials. As the limitations of application, the

reinforcing materials were placed only in a box

space and consequently those were placed at the

center of the restoration.

Generally, the higher the degree of monomer

conversion, the better the mechanical properties

of the composites restoration. The higher degree

of conversion could be achieved by increasing

either polymerization temperature or light inten-

sity. At the point of shade of composites, the

lighter shade it was, the higher rate of conversion

it had. A2 shade was chosen for that reason. The

higher polymerization temperature increases

monomer movement resulting in a higher degree

of conversion of C=C bonds of the functional

groups of the monomers and lowers the residual

monomer content. Tescera ATL was adopted the

effect of pressure and high temperature. The

chamber pressure was 70psi and when applying

heat cup the temperature went to 130℃. All the

laboratory procedures were guided by the manu-

facturer’s instruction.

The silane should be made a monolayer on the

reinforcing material as if it was formed in multi-

layers, the strength of bond between composites

and reinforcing materials would be reduced. Many

of the previous reported studies4,7) concluded that

silane surface treatment was to improve the

adhesion between reinforcing materials and resin

composites. But, in this study, although treat-

ment of silane presented highest fracture

strength, there were not significant differences

with other surface treatments. To the reinforcing

materials used in this study, manufacture had

made the silane treatment on the surface help

adhesion. The results can be explained on account

of the following reasons. First of all, the addition-

ally applied silane interfered with the adhesion

and the sandblast peeled off the surface treat-

ment which the manufacturer had made. Finally,

the silane treatment that was applied after the

sandblast could not adequately compensate the

silane that was peeled off. Additionally, mechani-

cal aid by making the retention holes did not

make any differences. 

Ⅴ. CONCLUSION

Within the limitations of the study, the follow-

ing conclusions were made;

1. The use of I-beam represented highest fracture

strengths (p < 0.05).

2. In groups only using silane as a surface treat-

ment showed highest fracture strength, but

there were no significant differences between

other surface treatments (p > 0.05). 

3. The reinforcing materials affect the fracture

strength and pattern of composites inlay

bridge. 

4. The holes at the U-beam did not increase the

fracture strength of composites inlay bridge. 
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강화재의 사용 방법이 복합 레진 인레이 브릿지의

파괴 강도에 미치는 영향

변창원∙박상혁∙최경규*

경희대학교 대학원 치의학과 치과보존학교실

본 연구는 복합레진 인레이 브릿지에서 강화재의 표면 처리와 사용 방법이 파괴 강도에 미치는 영향을 평가하였

다. 본 연구에서 사용한 강화재료는 I Beam, U Beam, I + U Beam이었으며, 표면처리 방법은 Silane,

Sandblast, Hole 형성 (U beam)이었다. 강화 재료의 구성과 표면 처리 방법에 따라 총 11개의 실험군을 설정하

였다. 

상악 인공치 모형에서 제2소구치의 발거 상태를 가정하고 복합레진 인레이 브릿지 제작을 위하여 인접한 제1소구

치에 DO, 제1대구치에 MO 와동을 형성하였다. 와동이 형성된 인공치 모형을 고무 인상체를 이용하여 석고로 제

작하고, 각 실험군 별로 강화재료와 강화 재료의 표면 처리 방법에 따라 Tescera ATL (BISCO Inc. IL, USA)

복합레진을 사용하여 복합레진 인레이 브릿지를 제작하였다. 그 후 시편을 복제모형에 인산아연시멘트로 합착하고

Universal testing machine (EZ Test, Shimadzu, Japan)을 이용하여 flexural stress를 가하여 파괴 강도를

측정하였으며 95% 유의 수준에서 one-way ANOVA/ Scheffes’post-hoc test를 시행하여 통계분석하였다. 

다음과 같은 결론을 얻을 수 있었다. 

1. 내부 강화재 I beam을 사용한 실험군이 유의성 있게 높은 파괴 강도값을 보였다 (P < 0.05). 

2. 표면 처리 방법에 따른 차이는 나타나지 않았다 (P > 0.05). 

3. 복합레진 인레이 브릿지의 파괴는 강화 재료를 사용시에는 복합레진과 강화 재료간에 분리 파괴가 나타났으며

사용하지 않은 경우에는 수직파괴 경향이 나타났다.

4. U beam에 유지 hole을 형성한 경우 파괴 강도 증가를 시키지 않았다.

주요어: 강화재료, 표면처리, Tescera ATL, Universal testing machine, 파괴 강도, I beam
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