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Abstract
Objectives. The objectives of this study were: 1) to compare the effect of varying timing of light curing on shear bond
strength, and; 2) to compare the shear bond strength of three self-adhesive cements.

Materials and methods. A total of 72 extracted non-carious teeth were divided into 24 for Unicem tests, 24 for
Maxcem tests, and 24 for Biscem tests; they were assigned 3 * 2 subgroups of 12 teeth each. The specimens were
prepared as follows: 1) The calculus and periodontal ligament were removed from the teeth; 2) The teeth were stored
in normal saline; 3) The occlusal enamel of each tooth was removed using high-speed coarse diamond burs under
water cooling, and; 4) Finally, the teeth were flattened by 600-grit silicone carbide paper disks. Resin blocks were
adhered using either Unicem, Maxcem, or Biscem. Light curing timing was divided into two groups: U10, M10, and
B10 were exposed to light after 10 seconds, and; U150, M150, and B150 on the other side were exposed to light after
150 seconds. Shear bond strength was measured by a Universal testing machine with cross head speed of 1mm/min.
T-test and One way ANOVA were used for the statistical analysis of data.

Results. The shear bond strength of U150 was not significantly higher than that of U10 (U150: 20.55.7Mpa, U10:
18.73.80Mpa). On the other hand, the shear bond strength of M150 was significantly higher than that of M10. The
shear bond strength of B150 was also significantly higher than that of B10 (M150:14.45.7Mpa, M10: 9.94.2Mpa,
B150: 24.38.3Mpa, B10: 17.27.3Mpa). When the light curing timing was 10sec after bonding, the shear bond strength
of Unicem was highest; the shear bond strength of Biscem was highest when the light curing timing was 150sec after
bonding (U10: 18.73.80Mpa, B150: 24.38.3Mpa).

Significance. Since Unicem is less sensitive based on light curing timing, dentists seem to use it without considering
the light curing timing. Maxcem showed the lowest bonding strength (especially M10). Thus, when using Maxcem,
dentists need to delay the light curing after adhesion.
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Ⅰ. Introduction

Conventional resin cement entailed a cumbersome

process, i.e., primer and bonding were applied after acidic

corrosion to teeth and simultaneous bonding onto a

prosthesis such as crown or in-lay was executed. From the

dental aspect of adhesion, the use of the one-bottle

system1) developed through 5 generations and self-etching

primer2) has made resin cement simple to use and

commercially available. Nonetheless, it still carried the

inconvenience of going through multiple processes. To

address such inconvenience, self-bonding resin cement

called self-adhesive resin cement (“SARC”) was

developed. Recently, its use has been on the rise3). As

brand examples, Unicem (3M ESPE, USA), Maxcem

(Kerr, USA), and Biscem (Bisco, USA) have been

commercially available. This cement offers a one-step

adhesive process by simplifying the conventional multiple

procedure. In other words, without the prerequisite dentin

process, adhesion with dental fiber was enabled. This

cement contains multi-functional phosphoric acidic

methacrylates, and this plays a significant role in

adhesion4). For Unicem , many studies revealed that it has

similar adhesive power compared to other conventional

resin cement5-7). Moreover, in terms of margin fit, it was

found to be superior to other cements8,9). Unicem ,

Maxcem , and Biscem are all dual-curing types of

cement, and their manufacturers recommend waiting for

30~60 seconds before executing light curing. During this

period, multi-functional phosphoric acidic methacrylates

are known to react to mineral filler and tooth structure4).

Nonetheless, there are no known studies on the impact of

the range of varying timing of light curing on adhesive

power.

Therefore, this study proposes examining the effect of

varying timing of light exposure on SARC adhesion and

comparing the adhesive intensity among commercially

available cements: Unicem , Maxcem , and Biscem .

Ⅱ. Materials and Test Method

1. Materials
(1) 72 extracted healthy caries-free teeth

(2) 3M’s Unicem

(3) Kerr’s Maxcem

(4) Bisco’s Biscem

2. Preparation of test samples
72 caries-free healthy teeth stored in saline solution

following extraction were embedded with self-curing resin

SNAP (Parkell, USA) in a cylinder-shaped mold.

Afterward, the crowns were immediately subjected to

diamond cutting. The exposed dentin was ground with a

600-grit silicone carbide paper, cleansed in running water,

and stored in distilled water. At the time of adhesion onto

dentin, keel resin blocks were created in a cylinder with

diameter of 3 mm and height of 5 mm. For consistent

surficial roughness, a low-speed diamond saw was used for

cutting. After cement application, the prepared resin blocks

were adhered onto each tooth (Fig. 1). Based on the

classified test groups, light curing was differently applied.

One group was subjected to light curing 10 seconds after

cement application, and another group, 150 seconds after

cement application. Bluephase (Ivoclar Vivadent,

Germany), a light curing unit, was used.

Fig. 1. Preparation step for specimen
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3. Classification of Test Groups
(1) Unicem group

A total of 24 resin blocks were coated with Unicem and

adhered onto 24 teeth using light pressure; light curing was

then performed. The group subjected to light curing 10

seconds later was classified as U10 (n=12), and that

subjected to light curing 150 seconds later, as U150 (n=12).

(2) Maxem group

After Maxem application, 24 resin blocks were adhered to

24 teeth using light pressure; light curing was then

performed. The group subjected to light curing 10 seconds

later was classified as M10 (n=12), and that subjected to

light curing 150 seconds later, as M150 (n=12).

(3) Biscem group

After Biscem application, 24 resin blocks were adhered

onto 24 teeth using light pressure; light curing was then

performed. The group subjected to light curing 10 seconds

later was classified as B10 (n=12), and that subjected to

light curing 150 seconds later, as B150 (n=12).

4. Measurement of shear strength 
All test samples were stored in 37°C distilled water for 24

hours. Afterward, shear strength between dentin and resin

blocks was measured using a universal tester (Universal

Testing Machine, Instron 4485, USA). The samples were

secured, and shear force was applied onto the connective

interface at 1 mm/min cross head speed. Shear strength was

measured at the division moment of resin blocks (Fig. 2).

Table 1. Sameness and difference between two materials

Maxcem

Unicem

Biscem

No adhesive needed
Excellent mechanical properties
Good aesthetics
Minimal fluoride release  
Good bond strength
No adhesive needed
Excellent mechanical properties
Good esthetics
Minimal fluoride release  
Good bond strengths
No adhesive needed
Excellent mechanical properties
Good esthetics
Minimal fluoride release  
Good bond strengths

Paste/Paste
Auto syringe

Powder/Liquid
Mixing machine

Paste/Paste Auto
syringe
Curved tip

Sameness Difference

Table 2. Composition of Rely X Unicem

Glass powder
Initiator
Silica
Substituted pyrimidine
Calcium hydroxide
Peroxy compound
Pigment

Methacrylated phosphoric
ester
Dimethacrylate
Acetate
Stabilizer
Initiator

Powder Liquid

Table 3. Composition of Maxcem

UDMA
HEMA
GDM
EDMAB
MEHQ

GPDM
H2O
HEMA
GDM
BISGMA

Base Catalyst

Table 4. Composition of Biscem

Glass filler + Nano silica
Acidic monomers
TEGMA
Self-cure initiator
Inhibitors

Glass filler + Nano silica
Bis-GMA
TEGMA
Self-cure initiator
Photoinitiator
Inhibitors

Paste A Paste B

Fig. 2. Cross-sectional view of loading.
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5. Statistical Analysis
To examine the shear strength difference depending on the

character of groups, T-test, a verification method based on

the mean difference, and one-way analysis of variance (One

way Anova) were conducted. The empirical analysis of this

study was verified at a level of significance of p<.05; for the

statistical analysis, the WIN12.0 program was used. 

Ⅲ. Test Results

1. Test 1:
U150/U10, M150/M10, and B150/B10 were compared to

determine if the groups subjected to light curing 150

seconds later have higher level of adhesion strength than

those subjected to light curing 10 seconds later. The

following are the test results: 

(1) U10 and U150: The mean of U10 was 18.77, and that of

U150, 20.48. The difference was not statistically

significant (P<.05) (Table 5, Fig. 3).

(2) M10 and M150: The mean of M10 was 9.8, and that of

M150, 14.38. A statistically significant difference was

noted (p<.05) (Table 6, Fig. 4).

(3) B10 and B150: The mean of B10 was 17.2, and that of

B150, 24.34; thus showing a statistically significant

difference (P<.05) (Table 7, Fig. 5).

2. Test 2:
The U10, B10, and M10 groups were compared for bonding

strength; ditto for the U150, B150, and M150 groups.

Afterward, the respective bonding strength of each brand

was compared under the same condition. The following are

the test results:

Fig. 3. Comparison between U10 and U150 in terms of shear
bonding strength

Table 5. T-test between U10 and U150

U10 12 18.7727 3.80896 -.848 .406
U150 12 20.4846 5.69354 -.848 .406

N Mean (Mpa) SD T P-Value

*P<.05

Fig. 4. Comparison between M10 and M150 in terms of
shear bonding strength

Table 6. T-test between M10 and M150

M10 12 9.8800 4.16701 -2.082 .050
M150 12 14.3833 5.67304 -2.082 .050

N Mean (Mpa) SD T P-Value

*P<.05

Fig. 5. Comparison between B10 and B150 in terms of 
shear bonding strength

Table 7. T-test between B10 and B150

B10 12 17.2000 7.31528 -2.289 .032
B150 12 24.3417 8.28750 -2.289 .032

N Mean (Mpa) SD T P-Value

*P<.05
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(1) U10, M10, and B10: U10 recorded the highest mean

with 18.77 followed by B10 with 17.2 and M10 with

9.88. The difference was statistically significant. In the

subsequent verification, U10 and B10 were at a higher

level than M10 (p<.01) (Table 8, Fig. 6).

(2) U150, M150, and B150: B150 recorded the highest

mean with 24.34 followed by U150 with 20.48 and

M150 with 14.38. The difference was statistically

significant. The subsequent verification revealed that

U150 and B150 were at a higher level than M150

(P<.01) (Table 9, Fig. 7).

Ⅳ. Analysis

Adhesion dentistry has steadily evolved over the last 40

years. Countless studies on dentin adhesion have been

conducted, and consistent progress has been realized up to

the present 7th generation. Smear layer has been discovered,

and efforts toward its removal ensued10). The removal of the

smear layer had continued until the 4th generation, and the

concept of a hybrid layer was introduced11). Since their

introduction, the 5th-generation one-bottle system and self-

etching primer12) have been widely used until now. The most

recent 6th generation has been introduced, enabling one-

solution dentin adhesion13). Despite reports of reduced

bonding capacity for enamel adhesion14), the continued

development of adhesives has improved user convenience.

Likewise, resin cement has made steady progress, thereby

enabling a simplified adhesion procedure for users. 

minimizing fine leaks and offering aesthetically high color

coordination17-19). With fragile and brittle ceramic

restorations, the selection of a dental adhesion system is

JOURNAL OF KOREAN DENTAL SCIENCES

Table 8. Comparison of shear strength among U10, M10,
and B10

N Mean
(Mpa) SD F P-Value Scheffe

*p<.01

A
U10 12 18.7727 3.80896 7.740 .002 B

A
A

M10 12 9.8800 4.16701 7.740 .002 B
A
A

B10 12 17.2000 7.31528 7.740 .002 B
A
A

Total 36 15.5559 6.54737 7.740 .002 B
A

Fig. 6. Comparison of shear bonding strength among U10,
M10, and B10 

Table 9. Comparison of shear strength among U150, M150,
and B150

N Mean
(Mpa) SD F P-Value Scheffe

*P<.01

A
U150 12 20.4846 5.69354 6.871 .003 B

A
A

M150 12 14.3833 5.67304 6.871 .003 B
A
A

B150 12 24.3417 8.28750 6.871 .003 B
A
A

Total 36 19.7568 7.64517 6.871 .003 B
A

Fig. 7. Comparison of shear bonding strength among U150,
M150, and B150
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crucial. Especially in this case, resin cement can be very

useful. Many studies on the use of resin cement revealed

that all ceramic restorations increase fracture resistance20).

Note, however, that the use of resin cement requires greater

skills compared to other adhesion systems. Applying resin

cement through wet bonding on water-soluble dentin

necessitates advanced technique as well as additional time

for treatment21). To address these disadvantages, the latest

SARC products - which, similar to resin cement itself, allow

the simultaneous application of etching, priming, and

bonding - have been widely used. 

This study conducted 2 tests using 3 types of SARC. The

first test was done based on the hypothesis that adhesion

strength between the resin block and dentin would differ

depending on the timing of light curing. The group

subjected to light curing 150 seconds later was expected to

exhibit greater bonding strength than the 10-second group,

since the bonding strength will develop differently over time

because the acid contained in SARC reacts with dentin.

Consequently, Maxcem and Biscem yielded significant

results, whereas Unicem showed no significant difference.

Despite the insignificant difference, however, a somewhat

higher strength was noted in Unicem . In other words, the

group subjected to light curing 150 seconds later exhibited

greater bonding strength than the 10-second group. Braga, et

al found that only when a dual-curing type of resin cement

was self-cured did lower bonding strength occur compared

to simultaneous light curing22-24). In other words, both cases

of self-curing and light curing within 10 seconds do not

yield a positive result in terms of bonding strength. Good

timing is required for light curing for optimal bonding

strength. 

The other test involved a comparison of bonding strength

among 3 types of cement under the condition of same

timing of light curing. There has yet to be any clear study on

the mechanism through which the acid contained in SARC

reacts with dentin. Adhesion is known to occur with dentin;

ditto for the current 5th generation self-etching system25).

For the full processing of dentin through conventional self-

etching, the decalcification and hybridization of dentin have

been observed. With SARC, however, no such phenomena

have been noted26). The bonding strength of resin cement has

been determined by the quality of the hybrid layer generated

through the pretreatment of dentin. If this layer is generated

in porous form, water molecules permeate; the subsequent

hydrolysis then causes reduced bonding strength27). With

SARC, however, the priming step for the pre-treatment of

dentin is skipped; hence the relatively little change in

bonding strength compared to other resin systems. This test

result showed standard deviation of 5-7 Mpa, which is lower

than the test result of De Munck28),  et al (9-13 Mpa) with the

use of Panavia-F and Rely- X . For this test result,

Unicem¢Á exhibited the highest bonding strength among

the groups subjected to light curing 10 seconds later.

Among groups subjected to light curing 150 seconds later,

however, Biscem showed the highest strength. With

Unicem , no significant difference was observed between

the 10-second group and the 150-second group. Both groups

showed adequate level of bonding strength. Thus, it can be

said to be a convenient material for clinical use. With

Biscem , a somewhat significant difference was observed in

the 150-second group than the 10-second group. Both

groups showed decent or higher level of bonding strength,

however. With Maxcem , the 10-second group yielded a

significantly low result compared to other groups.

Therefore, the clinical use of Maxcem requires sufficient

time for light curing.

This study used resin blocks with diameter of 3 mm. Note,

however, that the use of resin blocks with minimum

diameter could have yielded more precise results since the

distribution of dentinal tubules in dentin differs by tooth.

Furthermore, since the teeth used in this test were extracted

from different people at different times, the tooth condition

varied by tooth. As such, precisely predicting the result was

difficult. Such weakness can be addressed through a study

that compares bonding strength using resin blocks with

smaller diameter and adhering multiple resin blocks onto

one tooth. Finally, using a bigger number of test samples at

30-second intervals will most likely yield the most clinically

efficient timing for light curing.

Ⅴ. Conclusion

With Unicem , the different timing of light curing did not

have a significant impact; it generally showed overall good

bonding strength. With Maxcem and Biscem , however, a

150-second lapse following cement application yielded a

clinically better result in terms of adhesion strength. In other

words, Unicem requires no clinical consideration in terms

of the timing of light curing. With Biscem and Maxcem ,

allowing 150 seconds before light curing is recommended
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for better results. Note, however, that Maxcem showed a

generally low level of bonding strength. In particular, light

curing within 10 seconds resulted in inadequate bonding

strength. Therefore, special attention is required in clinical

use.
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