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ABSTRACT

Influence of different types of resin cement on the fracture resistance of 

teeth restored with MOD ceramic inlays

Kwon Kihyun D.D.S.

(Directed by Prof. Byoung-Duck Roh, D.D.S., M.S.D., Ph.D.)

The purpose of this study was to evaluate the influence of 3 different types of resin 

cements on the failure of teeth restored with ceramic inlays using a universal testing 

machine.

Seventy-five intact, caries-free human maxillary premolars were divided into 5 groups 

(n=15): Group 1, intact teeth as controls; Group 2, Class II mesio-occluso-distal (MOD)

cavity preparation and restoration with IPS e.max CAD by Variolink N; Group 3, MOD

cavity preparation and restoration with IPS e.max CAD by RelyX Unicem; Group 4, 

MOD cavity preparation and restoration with IPS e.max CAD by Multilink sprint; and 

Group 5, MOD cavity preparation and no restoration. Compressive force was loaded only 

on the cuspal inclination of tooth.

Class II MOD preparation was as follows. The pulpal floor was formed at a depth of 2 

mm from the occlusal cavosurface margin of the preparation, and the isthmus was half of 
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the intercuspal distance. The proximal box width was 1.5 mm, and the axial wall was 2 

mm in height. Margins were prepared with 90-degree cavosurface angles. 

Specimens were tested with a universal testing machine at 1.0 mm/min using steel 

sphere plungers (6.0mm in diameter). Peak load to fracture (N) was measured for each 

specimen. Means were calculated and analyzed with a one-way ANOVA and Tukey’s test 

(α=0.05).

The mean peak fracture loads (N, mean ± S.D.) were as follows: Group 1 - 1371.29 ± 

455.86, Group 2 - 1188.18 ± 408.79, Group 3 - 1097.38 ± 443.64, Group 4 - 1134.69 ± 

352.13, Group 5 - 624.08 ± 259.03.

Based on the results obtained under in vitro experimental conditions, the following 

conclusions were drawn. There was no statistical difference of fracture load between 

intact teeth and restored teeth. Although Group 2 (Variolink N) showed superior fracture 

load than Group 3 (RelyX Unicem) and Group 4 (Multilink speed), no statistical 

difference was found. Groups 3 and 4, using self adhesive resin cements, showed 

unfavorable fracture patterns more frequently than Groups 1 and 2. Fracture resistance of 

teeth restored with ceramic inlays was comparable with that of intact teeth, regardless of

the type of resin cements used in this experiment.

Keywords: Ceramic inlay; CAD/CAM; Fracture; IPS e.max; resin cement
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Influence of resin cementation method on the fracture 

resistance of teeth restored with MOD ceramic inlays

(Directed by Prof. Byoung-Duck Roh, D.D.S., M.S.D., Ph.D.)

Department of Dentistry, 

Graduate School, 

Yonsei University

Kihyun Kwon D.D.S.

I. Introduction

In teeth that need restoration due to caries or fracture, preparation leads to a reduction 

in fracture resistance. Especially, teeth with MOD cavities show a significant difference 

in fracture resistance, as compared to intact teeth (Ausiello et al., 2004; Dalpino et al., 

2002; Santos and Bezzera, 2005; St-Georges et al., 2003). Generally, teeth get weaker as 

the amount of preparation for restoration increases (Edelhoff and Sorensen, 2002). The 

shallower the cavity depth in the enamel layer (Lin et al., 2001), and the wider the 

remaining axial wall in the dentin layer, leads to greater resistance to stress from fracture 
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(Lin et al., 2001; Hansen and Asmussen, 1990). When masticatory force is applied on 

teeth, cusp deformity occurs due to stress (Jagadish and Yogesh, 1990). As the cavity 

becomes wider, the degree of deformity increases and thus fracture resistance decreases

remarkably (Hood, 1991).

In case of restorations that do not bond to tooth structure, especially with greater

amount of tooth loss, fracture resistance does not recover back to its original level (Boyer 

and Roth, 1994; Trope et al., 1986). However, since the introduction to dentistry of

materials that enable micromechanical and chemical bonding with teeth, several 

researches took to using such materials in restoration of cavities to increase fracture 

resistance of teeth. Since restoration is bonded to remaining teeth, cusp deformity and 

bending due to stress decreases (Dalpino et al., 2002). The internal splinting effect of 

strengthening teeth without cusp capping was the subject of several theses. Direct 

restoration with resin reportedly has higher fracture resistance, as compared to restoration 

with material that does not bond to teeth (Hurmuzlu et al., 2003; Mackenzie, 1986).

However, when the cavity is wide, fracture resistance of resin restored teeth does not 

recover to the resistance level of intact teeth (Dalpino et al., 2002; Santos and Bezzera, 

2005). In wide cavities, indirect restoration methods are preferred because of the

limitations of direct restorations and material properties. 

As esthetic needs are increasing in dentistry, the use of ceramic inlays is also increasing

(Ferrari et al., 2003). There is a controversy among researchers on the internal splinting 

effect of ceramic inlays. Some claim that restoring premolar or molar MOD cavities with 

ceramic inlays can recover fracture resistance to the level that has no significance 
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difference with intact teeth (Hannig et al., 2005; Dalpino et al., 2002; Bremer and 

Geurtsen, 2001). On the other hand, some reports indicated that fracture resistance of 

teeth with ceramic inlay is inferior to that of intact teeth (St-Georges, 2003; Santos and 

Bezzera, 2005). Since cavity outlines, choice of ceramics, choice of cements, and 

experiment design of measuring fracture resistance were different among researches, it is

difficult to unify the results of different experiments. 

Since ceramic inlays can chemically bond to resin through surface preparation using 

hydrofluoric acid and silane (Blatz et al., 2003), successful bonding to teeth using resin 

cement is possible (Peumans et al., 2000). Traditional multi-step resin cement is criticized 

because results may vary depending on the dentist’s technique, as pretreatment 

procedures on teeth are rather complicated and may lead to ineffectiveness 

(Frankenberger et al., 2008). Recently, self adhesive resin cements that do not need

pretreatment of tooth surface have become available. Although the bonding procedure of 

self adhesive resin cement is simplified and therefore allows quick and simple 

cementation (Ferracane et al., 2011), it is controversial whether it’s adhesive strength is as 

strong as the previous multi-step resin cement. In addition, there is a lack of research on 

whether self adhesive resin cement strengthens teeth and prevents tooth fracture as much 

as the previous multi-step resin cement when ceramic inlays are used in teeth with 

cavities.

In this study, the strengthening of teeth through internal splinting was evaluated 

depending on the resin cement type when bonding ceramic inlays. In order to achieve this, 

the effect of newly developed self adhesive resin cement on fracture resistance of 
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maxillary premolar with MOD cavities after inlay boding was compared with that of the 

previously used multi-step, dual cure type resin cement. The hypothesis of this thesis is 

that the difference in bonding mechanism of resin cement does not affect the fracture 

resistance of teeth restored with ceramic inlays. 
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II. Materials & Methods

1. Selection and Preparation of Teeth

Seventy-five, recently extracted caries-free human maxillary premolars of similar size 

and shape were selected. Any calculus and soft tissue deposits were removed from the 

selected teeth by the use of a hand scaler (Grace curette SG 17/18, Hu-Friedy, Chicago, 

IL). Teeth were examined under x10 magnification to detect any preexisting defects. 

Teeth were stored in normal saline before the experiment began. Before specimens were 

prepared, the widest bucco-palatal dimension of the crown and intercuspal distance (ICD) 

of each tooth were measured. Teeth were divided into 5 groups of 15, so that the average 

tooth size of each group was as equal as possible. The group number, assignment, bucco-

palatal dimension of the crown and ICD were shown in Table 1. According to the one-

way ANOVA test, there were no statistical differences of bucco-palatal dimension and 

ICD among groups.
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Table 1. Group number, assignment (n = 15 for each group), average bucco-palatal

dimension and intercuspal distance for each group.

Group Assignment

Mean (± SD) of the 

bucco-palatal

dimension(mm)

Mean (± SD) of the 

Intercuspal 

distance(mm)

Group 1

(control)
Intact teeth

9.92 ± 0.41 6.17 ± 0.44

Group 2
MOD prep. + e.max CAD + 

Variolink N 9.91 ± 0.41 6.24 ± 0.53

Group 3
MOD prep. + e.max CAD + 

RelyX U200(Unicem) 9.93 ± 0.41 6.09 ± 0.48

Group 4
MOD prep. + e.max CAD + 

Multilink speed 9.92 ± 0.41 6.20 ± 0.54

Group 5 MOD prep. + Unrestored
9.93 ± 0.46 a 6.31 ± 0.59

Class II MOD preparations were made (Figure 1) in 60 premolars of Groups 2-5 with 

water-cooled high-speed handpiece and diamond burs (#845KR, Brasseler, GmbH, KG). 

Before testing, teeth were embedded in self curing acrylic resin at a position 1mm below 

the cement-enamel junction (CEJ) and were surrounded in a plastic tube, following 

methods reported in several other similar studies (Ausiello et al., 1997; Hannig et al., 

2005; St-Georges et al., 2003).
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Figure 1. A maxillary premolar with MOD preparation. A, Occlusal view, B, Proximal

view

The pulpal floor was formed at a depth of 2mm from the occlusal cavosurface margin 

of the preparation. The isthmus (Fig.1 A-b) was extended to half of the individual 

intercuspal distance (Fig.1 A-a) of each tooth. The proximal box width (Fig.1 A-c) was 

1.5mm and the axial wall was 2mm in height. Standardized depth was verified with a 

scaled periodontal probe (instrument number 23/UNC 15, Hu-Friedy, Chicago, IL). The 

mesial and distal proximal box was extended bucco-palatally to the intercuspal distance. 

All preparations were completed along the longitudinal axis of each tooth and were free 

from undercuts. The convergence angle was 6 degree in each buccal and palatal walls.

Margins were prepared with 90-degree cavosurface angles. 

BA
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2. MOD inlay Fabrication

To fabricate ceramic inlays, a CAD/CAM device (CEREC AC, Sirona Dental Systems 

GmbH, Bensheim, Germany) was used according to the manufacturer’s instructions. 

After preparation, CEREC Omnicam (Sirona Dental Systems GmbH, Bensheim, 

Germany) was used for the optical impression. After obtaining the images, each inlay was 

designed by using software package provided (CEREC AC version 4.2). 

Inlays were fabricated using lithium disilicate ceramic blocks (IPS e.max CAD, Ivoclar

Vivadent, Schaan, Liechtenstein). IPS e.max CAD blocks were milled and then 

underwent a crystallization process in a Programat P300 furnace (Ivoclar Vivadent, 

Schaan, Liechtenstein) under the crystallization temperature of 820-840℃ (Program 

No.81) to precipitate the crystal. The inlays were checked for fit in their preparation.

3. Cementation

For the restorations, the inner surfaces of the inlays were etched with 4% hydrofluoric 

acid (Porcelain Etchant, Bisco, IL., U.S.A.) for 20 seconds. A silane coupling agent

(Monobond N, Ivoclar Vivadent) was applied for 60 seconds. After applying the adhesive 

system, ceramic restorations were cemented with resin cement. 

In Group 2, 37% phosphoric acid (DenFil Etchant-37, Vericom, Chuncheon, Korea) 

was applied to the prepared enamel for 20 seconds and then onto the prepared dentin for 

another 10 seconds. The cavities were rinsed for 30 seconds and excess moisture was
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removed until a slightly wet dentin surface remained (wet bonding). Then, an adhesive 

system (Syntac, Ivoclar Vivadent) was applied as directed by the manufacturer, and an 

adhesive agent (Heliobond, Ivoclar Vivadent) was applied. After applying the adhesive 

system in Group 2, ceramic restorations were cemented with dual-cured resin cement 

(Variolink N, Ivoclar Vivadent). The restorations were placed with finger pressure using a 

brush to remove excess cement.

In Groups 3 and 4, the cavities were rinsed thoroughly with water spray for 30 seconds 

and then were lightly dried with oil-free air.

In Group 3, inlays were cemented with self adhesive resin cement (RelyX U200

(Unicem), 3M Deutschland GmbH, Germany). Cement was dispensed onto a mixing pad, 

mixed for 10 seconds, and then applied to inlays. 

In Group 4, self adhesive resin cement (Multilink speed, Ivoclar Vivadent) was applied 

onto inner surfaces of the restorations using automixing syringe. 

The restorations were placed with finger pressure, using a brush to remove excess 

cement. After placement, all inlays were light cured on occlusal, mesial and distal 

surfaces for 3 minutes in total (1 minute per surface, LED, 500mW/cm2, Guilin 

Woodpecker Medical Instrument, Guangxi, China). Teeth were kept in saline at room 

temperature for 1 week before testing. 
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Table 2. Ceramic block and resin cements used in this study

Product Material type LOT Manufacturer

IPS e.max CAD
Lithium disilicate

glass ceramic

N03151

T15512

Ivoclar Vivadent, 

Schaan, Liechtenstein

Variolink N
Multi-step dual cure 

resin cement

Base (S25641)

Catalyst (T00902)

Ivoclar Vivadent, 

Schaan, Liechtenstein

RelyX U200
Self adhesive resin 

cement
558916

3M Deutschland 

GmbH, Germany

Multilink speed
Self adhesive resin 

cement
S05050

Ivoclar Vivadent, 

Schaan, Liechtenstein
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4. Testing

Figure 2. 6.0mm diameter steel sphere plunger in contact with area between buccal and 

palatal cusp

Specimens were tested in a universal testing machine (model 3366, Instron Corp, 

Canton, MA, U.S.A.) in which a steel sphere plunger was mounted in the crosshead,

moving at a speed of 1.0 mm/min. All specimens were subject to compressive axial load, 

by means of a 6mm diameter sphere plunger applied centrally to the occlusal surface and 

parallel to the long axis of the tooth. The plunger was in contact with the area between the 

buccal and palatal cusp of the tooth (Figure 2). If necessary, the slope of the buccal and 
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palatal cusps, as well as the anatomy of the restorations, were modified to ensure that the 

sphere was in contact with only the surface of the tooth beyond the margins. The fracture

load and fracture type were recorded for each specimen.

Figure 3 showed each fracture patterns. Cuspal fracture included fracture of enamel 

or dentin with intact restorations and cementation layer. Unfavorable fracture included

the propagation of fracture line beyond CEJ, along with the long axis of tooth. Other 

cases including fracture of restoration were classified as Fracture of restoration and part 

of teeth.

Figure 3. Fracture types from proximal view

a

b

c

a. Cuspal fracture

b. Fracture of restoration and part of teeth

c. Unfavorable fracture
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5. Statistical analysis

In this experiment, Tukey’s test and one-way ANOVA were used to analyze the bucco-

palatal dimension, ICD, and fracture load. The fracture load of Groups 1-5 were 

compared. The number of unfavorable fractures between groups was analyzed by chi-

square test. Statistical analysis was carried out using SPSS 21 for Windows (SPSS Inc., 

Chicago, IL, USA).
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III. Results

1. Fracture load

Measurement results showed that there was no significant statistical difference of 

bucco-palatal dimension and ICD among all groups (p > 0.05). In addition, there was no 

significant statistical difference of ICD among all groups (p > 0.05).

Table 3. Mean and standard deviation of fracture load (N) for each group: same 

superscript letters represent statistically equivalent mean values.

Group
Number of 

specimens
Mean (± SD) of Fracture load (N)

Group 1 15 1371.29 ± 455.86 a

Group 2 15 1188.18 ± 408.79 a

Group 3 15 1097.38 ± 443.64 a

Group 4 15 1134.69 ± 352.13 a

Group 5 15 624.08 ± 259.03 b

Fracture load among experimental groups was compared in Table 3. Groups 1-4 did not 

show a significant statistical difference (p > 0.05). Group 5 (unrestored teeth) showed a 

significantly lower fracture load, as compared to that of the other 4 groups. (p < 0.05).
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Figure 4. Comparison of fracture load: same superscript letters represent statistically 

equivalent mean values.

Comparison of the fracture load of Groups 2, 3, 4, indicated that the fracture load of

Variolink N group was higher than Unicem and MultiInk speed groups without 

statistically significant difference (p > 0.05).
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2. Fracture type evaluation

Table 4. Fracture types

Group Cuspal fracture
Restoration + Part of 

teeth
Unfavorable Fractures

Group 1 13 n-s 2

Group 2 3 10 2

Group 3 6 4 5

Group 4 7 3 5

Group 5 8 n-s 7

The comparison of fracture types was shown in Table 4. The frequency of unfavorable 

fracture was lowest in Group 1 (Intact teeth) and Group 2 (Variolink N), each with 2 

incidences, followed by Group 3 (Unicem) and Group 4 (Multilink speed) each with 5 

incidences. Group 5 (Unrestored teeth) showed the most frequent unfavorable fractures 

with 7 incidences. However, there was no statistical difference of unfavorable fractures 

between all groups by chi-square test (p > 0.05).
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IV. Discussion

Ceramic inlay has been widely used for indirect restoration of premolar MOD cavity as 

it has high mechanical strength, marginal adaptability, wear resistance, and excellent 

biocompatibility (Ferrari et al., 2003). Some researches showed that restoring molar 

MOD cavities with ceramic inlays recovered fracture resistance to the level similar to that 

of intact teeth (Hannig et al., 2005; Dalpino et al., 2002; Bremer and Geurtsen, 2001). 

However, it is also argued that despite an increase in fracture resistance, it is difficult to 

obtain a fracture resistance similar to intact teeth (St-Georges et al., 2003; Santos and 

Bezzera, 2005). The former researches made a cavity of 1.5-2.0mm depth with an isthmus 

dimension that was 1/2 of the intercuspal dimension. The latter researches made a cavity 

of 4.0mm depth with an isthmus dimension that was 1/2 of the intercuspal dimension or 

3.0mm. It seems that there is a controversy on the internal splinting effect since it is 

difficult to unify contradicting results due to the differences in cavity design and 

restoration methods among experiments. 

Results of previous experiments that used relatively small cavities showed that fracture 

resistance recovered to the level of intact teeth while experiments that used wider cavities 

did not show such results. In this experiment, 2.0mm deep occlusal cavity was prepared. 

This size is similar to the cavity size used in experiments that showed that fracture 

resistance of maxillary premolars with bonded ceramic inlays was similar to that of intact 

teeth (Hannig et al., 2005; Dalpino et al., 2002). To even out the cavity size and 

remaining teeth amount among groups, teeth were divided into groups depending on the 
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maximum bucco-palatal dimension and ICD that were measured before the experiment. 

In all groups, average bucco-palatal dimension and ICD did not have a statistically 

significant difference (Table 1). 

The aim of this experiment was to compare the resistance level of teeth due to internal 

splinting effect when cusp deformity and fracture occurs due to stress depending on the 

cement’s bonding mechanism. Therefore, sphere plunger was controlled to contact just 

the cusp inclination and not the restoration. This was similar to the method used in other 

research that compared premolar fracture resistance (Dalpino et al., 2002; Hannig et al., 

2005; St-Georges et al., 2003; Santos and Bezzera, 2005). As a result, fracture of 

restoration only was not observed in any of the groups but cuspal fracture, restoration and 

cusp fracture, and unfavorable vertical fracture were observed (Table 4).

Regardless of the type of resin cement used in the experiment, the fracture resistance of 

groups 2-4 with inlay restoration was not significantly different to that of Group 1 (intact 

teeth). Moreover, unrestored teeth of Group 5 showed a significantly low fracture 

resistance, as compared to all other groups (Table 3). This result was similar to those of 

previous studies that used similar cavity designs (Hannig et al., 2005; Dalpino et al., 2002; 

Bremer and Geurtsen, 2001).

Variolink N is a dual cure type resin cement of multistep, total etching method. 

According to its manufacturer (Ivoclar Vivadent), there is no difference in components or 

bonding mechanism when compared to Variolink II. Variolink II showed a significantly 

higher bond strength to enamel, as compared to Unicem (Hikita et al., 2007; Abo-Hamar 
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et al., 2005). Comparison of shear bond strength to dentin indicated a significantly higher 

bond strength, as compared to Unicem (Farrokh et al., 2012; Piwowarczyk et al., 2007), 

and shear bond strength of lithium disilicate to dentin was also higher than that of 

Unicem or Multilink sprint (Toman et al., 2008; Yin et al., 2009). Results of numerous 

experiments indicated that Variolink II has a higher bond strength to enamel and a similar 

or higher bond strength to dentin than most self adhesive resin cements. It is known as the

gold standard of resin cement (Ferracane et al. 2010; Radovic et al., 2008). However, 

even though Variolink N showed a higher bond strength than self adhesive resin cements

in the experiments described above, group 2 did not show a significant difference in 

fracture resistance, as compared to groups that used self adhesive resin cements. 

Therefore, the hypothesis of this thesis is accepted. 

Unicem is the first commercialized self adhesive resin cement that is used in several

research studies, as compared to multistep resin cements. Unicem could achieve a 

stabilized chemical bond to calcium of hydroxyapatite in teeth by chelation due to its

multifunctional phosphoric acid group (Duarte et al., 2008; Gerth et al., 2006). Despite its 

relatively low bond strength to enamel, as compared to multistep resin cement (Hikita et 

al., 2007; Abo-Hamar et al., 2005), some studies indicated that it has a similar shear bond 

strength to dentin (Abo-Hamar et al., 2005), and some indicated that it had a rather higher 

bond strength to dentin, as compared to Variolink II (Hikita et al., 2007). Hikita’s 

experimental results were contradictory to those of Farrokh et al. (2012) and 

Piwowarczyk et al. (2007), due to differences in experiment design. Hikita did not 

measure the shear bond strength of cement to dentin but rather measured the microtensile 
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bond strength of resin cement between resin disc and dentin. Bonding to dentin is known 

as an important factor in restoration bonding success, as it is more difficult than bonding 

to enamel due to structural characters (D’Arcangelo et al., 2009). This was the possible 

reason for the high fracture resistance in group 3 with Unicem. Moreover, there is 

reportedly no significant difference in bond strength, as compared to Variolink II, when 

Unicem is used to bond composite resin to lithium disilicate (Piwowarczyk et al., 2004).

When comparing push-out bond strength of leucite-based ceramic on dentin, it showed

higher bond strength, as compared to Variolink II (Simon et al., 2010). 

When evaluating the marginal adaptability of ceramic restoration, Unicem showed

similar results to multi-step resin cement (Behr et al., 2009; Rosentritt et al., 2004) and

proper marginal integrity has a compensatory action to polymerization shrinkage (Feilzer 

et al., 1989). For these properties, Unicem showed clinical results similar to Variolink II 

after 1-2 years of in vivo evaluation (Taschner et al., 2009; Taschner et al., 2012).

Multilink speed is a self adhesive resin cement that is very similar to Multilink sprint in 

terms of components and mechanism and only differs in product name, according to the 

manufacturer (Ivoclar Vivadent). According to Hooshmand et al. (2012), Multilink sprint 

does not show a significant difference in fracture toughness, as compared to Variolink II 

when bonded to lithium disilicate disc treated with hydrofluoric acid. This is because of 

the action of adhesive phosphate monomer included in Multilink sprint. Manso et al. 

(2011) reported that Multilink sprint shows no significant difference in push out bond 

strength after bonding lithium disilicate ceramic to dentin, as compared to Variolink II. 
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Even though some experimental research showed that Unicem and Multilink speed 

both have a relatively lower bond strength, as compared to Variolink II, both self adhesive 

resin cements are expected to have a stable bond strength to teeth and ceramic, according 

to the above mentioned studies . In this study, groups with self adhesive resin cements 

showed a recovery of fracture resistance that was similar to Variolink N. 

The remaining amount of teeth after cavity preparation is the most important factor in

fracture resistance and has a greater effect than the restoration material itself (Dalpino et 

al., 2002). In this experiment, inlay was cemented on maxillary premolars with isthmus 

dimension of 1/2 of ICD. In addition, occlusal cavity depth was 2.0mm, which was 

shallower than cavities in studies that reported teeth weakening after inlay restoration (St-

Georges, 2003; Santos and Bezzera, 2005). Thus, as there is a relatively sufficient amount 

of teeth remaining, differences of bond strength between resin cements might have been 

reduced (Dalpino et al., 2002). Results were expected to differ when wider cavities with 

isthmus width that exceeds 1/2 of ICD were prepared in the experiment.

When comparing the fracture types (Table 4), Group 2 (Variolink N) showed fewer (2 

incidences) unfavorable fractures than self adhesive resin cements. This is the same 

frequency as Group 1 (intact teeth). Unfavorable fractures were most frequent in Group 5 

(unrestored teeth) with 7 incidences. The frequency in Group 3 (5 incidences) and Group 

4 (5 incidences) were lower than Group 5 but higher than Groups 1and 2.  
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Figure 5. Unfavorable fracture of a specimen (arrows) showing failure of cementation 

layer (triangles)

As shown in Figure 5, bonding failure was observed in the cementation layer of inlay 

and teeth when unfavorable fracture occurs. Since load was applied on just the cusp 

inclination of teeth and not on restoration, fractures on restoration only were not observed. 

When vertical load is applied on teeth, stress is focused on the cementation layer of the 

cusp and axial wall (Ausiello et al., 2004). In unfavorable fractures, when load is applied, 

the cement layer is destroyed before cohesive fracture within the cusp (cuspal fracture). 

When failure in cement layer occurs less frequently when load is applied, bonding 

between axial walls and inlay is retained. This reduces the possibility of unfavorable 

fracture as adhesive layer and rigidity of cement prevents focusing of stress and reduces 

the risk of fracture (Ausiello et al., 2004). The low frequency of unfavorable fracture in 

Group 2 indicates that even though there was no statistically significant difference of 
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fracture load among cements, the frequency of adhesive failure at the moment of fracture 

was lower in Variolink N than self adhesive resin cements. Past research also showed 

similar results. Variolink II showed fewer adhesive failure than Unicem (Hikita et al., 

2007; Piwowarczyk et al., 2007) or Multilink sprint (Hooshmand et al., 2012). In addition, 

Luhrs et al. (2010) and Viotti et al. (2009) showed that higher rate of adhesive failure 

with teeth occurred in self adhesive resin cement. This is because self adhesive resin 

cement has a lower wettability to teeth (Viotti et al., 2009) and because incomplete hybrid 

layer is formed in dentin (De Munck et al., 2004; Monticelli et al., 2008).

Specimens used in the experiment were kept at room temperature in saline solution for 

1 week after cementation, and then fracture load was measured. According to 

Piwowarczyk et al. (2004), the bond strength of Unicem on ceramic surface increases

when kept in saline solution for 2 weeks after cementation and on 1000 repetitions of 

thermocycling. Others have (Piwowarczyk et al., 2007; Abo-Hamar et al., 2005) reported 

an increase in bond strength of resin cement after thermocycling. This may due to 

continuation of the polymerization process of resin cement for a certain amount of time 

after light curing(Sabatini et al., 2013). Therefore, measuring fracture resistance after 1

week rather than immediate fracture resistance can be a more reliable method.

In this experiment, thermocycling and dynamic loading was not applied on specimens 

and this showed limited reenactment of in vivo environment. Additional research is 

needed in order to analyze the long-term internal splinting effect of inlays depending on 

different cement types in the actual oral environment. 
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Our experiment results suggest that restoring premolar MOD cavities with isthmus 

dimension that is 1/2 of ICD with lithium disilicate inlays, causes recovery of fracture 

resistance to a level that is comparable to that of intact teeth regardless of the resin 

cement used. 

However, Variolink N showed lower frequency of unfavorable fracture, as compared to 

other 2 types of self adhesive resin cements, and the same frequency with that of the 

intact teeth group. 
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V. Conclusion

1. When restoring maxillary premolar MOD cavities with lithium disilicate ceramic 

inlay (e.max CAD), groups that used Variolink N and groups that used self adhesive 

resin cement (RelyX Unicem, Multilink speed) showed a fracture load that is similar 

to that of intact teeth. 

2. Unfavorable fractures occurred at similar frequencies in groups that used 

conventional multi-step resin cement and the intact teeth group. Groups that used 

self adhesive resin cement showed higher frequencies of unfavorable fractures, as

compared to the intact teeth group, but there was no statistical difference.
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국 요약

근원심면 동 갖는 상악 소구 라믹 인 이 착시 진 시 트

종 가 강도에 미 는 향

연 학 학원 학과

(지도 노 병 )

권

이 연구 목 사용 는 시 트 종 착 에 라 Class II 

MOD 라믹 인 이 복한 아 실 에 어떤 향 미 는지

인스트 이용하여 평가하는 것이다.

75 개 건 한, 우식이 없는 상악 소구 를 15 개씩 5 개 군

나 었다. 1 군 양 조군 동 하지 않 건 한 상태 고

압축 아에 가한다. 2 군 Class II MOD 동 후 e.max CAD

inlay 를 작하여 Variolink N 를 이용해 착시킨다. 3 군 MOD 동 후

e.max CAD inlay 를 작하여 RelyX Unicem 를 이용해 착시킨다. 4 군

MOD 동 후 e.max CAD inlay 를 작하여 Multilink sprint 를 이용해

착시킨다. 5 군 조군 동 만 하 다. 압축 아

사면에만 가해지도 하 다.
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동 규격 다 과 같다. 는 합면에 2 mm 이

하고 isthmus 는 간 거리 1/2, 인 면 스 이는 1.5 mm, 축벽

2 mm 높이 한다. 변연 모 90 도 했다.

시편들 1.0 mm/min 움직이는 직경 6 mm 강철구를 이용하여

만능시험 시험했다, 값 (N) 했고 평균 계산하 며

one-way ANOVA and Tukey test 95% 통계분 하 다. 

평균 값 (N, mean ± S.D.) 1 군 - 1371.29 ± 455.86, 2 군 - 1188.18 ± 408.79, 

3 군 - 1097.38 ± 443.64, 4 군 - 1134.69 ± 352.13, 5 군 - 624.08 ± 259.03 나 다. 

이번 실험 결과 다 결 내릴 있었다. 시 강도는 건 한

아를 사용한 그룹과 라믹 인 이 복한 그룹에 차가 없었다. 

Variolink N 사용한 군에 self adhesive resin cement 사용한 군에 보다

강도가 높았 나 통계 인 차는 생하지 않았다. Variolink N

사용한 군에 unfavorable fracture 도가 self adhesive resin cement 사용한

군에 보다 낮았다. 라믹 인 이 복시, 진 시 트 종 에 계

없이 건 한 아 같 강도가 회복 는 것 생각 다.

핵심이 는 말 : 라믹 인 이; CAD/CAM; ; IPS e.max; 진 시 트


