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บทคัดย่อ
 วัตถุประสงค์: สารยึดติดซิงเกิลบอนด์ยูนิเวอร์แซลมี

ส่วนประกอบของมอนอเมอร์และสารคู่ควบหลายชนิดรวม

อยู่ในขวดเดียวกัน วัตถุประสงค์เพื่อประเมินประสิทธิภาพ

ของการใช้สารยดึตดิซงิเกิลบอนด์ยนูเิวอร์แซลเป็นสารไพร-

เมอร์บนโลหะผสมพื้นฐานเพื่อเพิ่มค่าความแข็งแรงยึดติด

กับเรซินซีเมนต์ เมื่อเกิดปฏิกิริยาการเกิดพอลิเมอร์บ่มตัว

ด้วยแสงและบ่มตัวด้วยแสงร่วมกับเคมี

 วัสดุอุปกรณ์และวิธีการ: ชิ้นงานโลหะผสมพื้นฐานที่

ผ่านการเป่าอลูมินา จ�านวน 80 ชิ้นแบ่งออกเป็น 4 กลุ่ม 

ตามสารปรับสภาพผิวชิ้นงานดังนี้ กลุ่มที่ 1 ใช้สารยึดติด

ซิงเกิลบอนด์ยูนิเวอร์แซล กลุ่มที่ 2, 3, 4, เตรียมผิวชิ้นงาน

ด้วยเมทัลไพรเมอร์ชนิดต่างๆ ได้แก่ ซีสีดเอ็นโอเพกไพร- 

Abstract
 Objectives: Universal adhesives combine 
various monomers and coupling agents in a single 
bottle for versatility. The aim is to evaluate a uni-
versal adhesive as a primer on base metal alloy to 
increase bond strength with resin cement in light-
cure and dual-cure mode.
 Materials and Methods: Eighty alumina- 
blasted base-metal alloy specimens were divided 
into four groups according to surface treatment 
agent: 1- Single Bond Universal Adhesive (SBU); 
2, 3, 4- three metal primers: Cesead N™ Opaque 
Primer (CN), Z-Prime™ Plus (ZP), and Alloy 
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เมอร์ แซดไพรม์พลัส และอัลลอยด์ไพรเมอร์ แต่ละกลุ่ม

แยกออกเป็นกลุ่มย่อยตามการเกิดปฏิกิริยาการเกิดพอลิ-

เมอร์บ่มตัวด้วยแสงและบ่มตัวด้วยแสงร่วมกับเคมี กลุ่มที่

เกิดปฏิกิริยาการเกิดพอลิเมอร์บ่มตัวด้วยแสงน�าชิ้นงานมา

ยึดติดกับแท่งเรซินคอมโพสิตสีโปร่งแสงด้วยรีไลย์เอ็กซ์- 

อัลทิเมตเรซินซีเมนต์ กลุ่มที่เกิดปฏิกิริยาบ่มตัวด้วยแสง

ร่วมกับเคมีน�าชิ้นงานมายึดกับแท่งเรซินคอมโพสิตที่มีเทป

โลหะปิดด้านบนและด้านข้าง น�าชิ้นงานที่ท�าการยึดติด

ทั้งหมดไปแช่ในน�้ากลั่นที่อุณหภูมิ 37 องศาเซลเซียส เป็น

เวลา 24 ช่ัวโมง ก่อนทดสอบค่าความแข็งแรงยึดเฉือน 

วเิคราะห์ค่าความแขง็แรงยดึเฉอืนของแต่ละกลุม่วธิกีารเกดิ

พอลิเมอร์ด้วยการวิเคราะห์ความแปรปรวนทางเดียว และ

เปรียบเทียบค่าความแข็งแรงยึดเฉือนระหว่างวิธีการเกิด

ปฏิกิริยาการเกิดพอลิเมอร์สองแบบในแต่ละกลุ่มการปรับ

สภาพพื้นผิวด้วยสถิติทดสอบที ตรวจสอบลักษณะพ้ืนผิว

การแตกหัก และบริเวณชั้นยึดติดของกลุ่มทดลอง

 ผลการศึกษา: กลุ่มท่ีปรับสภาพผิวชิ้นงานด้วยสาร

ยึดติดซิงเกิลบอนด์ยูนิเวอร์แซลให้ค่าเฉลี่ยความแข็งแรง

ยึดเฉือนไม่ต่างอย่างมีนัยส�าคัญเมื่อเทียบกับกลุ่มซีสีดเอ็น

โอเพกไพรเมอร์และแซดไพรม์พลัสท้ังวิธีเกิดปฏิกิริยาการ

เกิดพอลิเมอร์บ่มตัวด้วยแสงและบ่มตวัด้วยแสงร่วมกบัเคมี 

กลุ่มท่ีปรับสภาพผิวชิ้นงานด้วยสารยึดติดซิงเกิลบอนด์ยูนิ

เวอร์แซล และใช้วิธีเกิดปฏิกิริยาการเกิดพอลิเมอร์บ่มตัว

ด้วยแสงมีค่าสูงกว่ากลุ่มที่บ่มตัวด้วยแสงร่วมกับเคมีอย่าง

มีนัยส�าคัญ แต่ไม่พบความต่างอย่างมีนัยส�าคัญระหว่าง

ปฏิกิริยาการเกิดพอลิเมอร์ทั้งสองแบบในกลุ่มเมทัลไพร- 

เมอร์ทั้ง 3 ชนิด

 บทสรุป: สารยึดติดซิงเกิลบอนด์ยูนิเวอร์แซลมี

ประสิทธิภาพในการเพิ่มค่าการยึดติดของเรซินซีเมนต์บน

ผิวชิ้นงานโลหะผสมพื้นฐาน ไม่ต่างจากการใช้เมทัลไพร- 

เมอร์ในการปรับสภาพผิวช้ินงานโลหะผสมพ้ืนฐาน แม้ว่า

การใช้ปฏกิริยิาการเกิดพอลเิมอร์บ่มตวัด้วยแสงร่วมกบัเคมี

จะให้ประสิทธิภาพการยึดติดลดลง

ค�ำส�ำคัญ: โลหะผสมพื้นฐาน สารยึดติดซิงเกิลบอนด์ยูนิ-

เวอร์แซล เมทัลไพรเมอร์ ความแข็งแรงยึดเฉือน

Primer (AP), each divided into light-cure and  
dual-cure subgroups. In light-cure mode, trans-
lucent resin composite rods were bonded with 
Rely X Ultimate resin cement onto the pre-treated  
specimens. In dual-cure mode, the rods, with metal- 
taped axial and top surfaces, were luted with the 
same cement. Luted specimens were stored in dis-
tilled water at 37°C for 24 hours before shear bond 
strength test. One-way ANOVA was used for each 
curing mode separately; and t-test for each group 
pair in the two curing modes. Failure modes and 
cement-metal interfaces were examined. 
 Results: SBU groups showed no significant 
difference in mean shear bond strength compared 
with CN and ZP groups in both curing modes. 
Mean bond strength of SBU in light-cure mode 
was statistically higher than in dual-cure mode. 
There was no significant difference between curing 
modes of the three metal primer groups. 
 Conclusions: SBU could be used to increase 
bond strength of resin cement on base-metal alloy, 
instead of metal primers, despite a decrease in 
efficiency of SBU in dual-cure mode.

Keywords: base metal alloy, single bond universal 
adhesive, metal primer, shear bond strength
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Introduction
 Due to improved physical and chemical proper-
ties, resin cements are now widely used in indirect 
restoration cementation.(1) To increase the chemical 
bond strength between resin cements and indirect 
restorations, various coupling agents or primers are 
generally used to pretreat the inner surfaces of res-
torations, according to type of restoration materials.
 Metal-primer application, after sandblasting, on 
the inner surface of metal restorations has proved 
to be effective in increasing bond strength between 
restorations and resin cements.(2-4) MDP monomer 
(10-methacryloyloxydecyl dihydrogen phosphate) 
is a standard functional monomer for many metal 
primers used with base-metal alloys and zirconia 
restorations.(5-8)

 Single Bond Universal Adhesive (SBU, 3M 
ESPE, St. Paul, MN, USA), known in Europe and 
America as Scotchbond Universal Adhesive, is a 
universal adhesive which contains MDP and the 
manufacturer suggests that the MDP in the adhe-
sive would work as a functional monomer in metal 
primers to react with base metal alloys, negating 
the need to use separate metal primers to increase 
bond strength with resin cements.(9)  As studies(10-13) 

have cast doubt on the similar claim, in cementing 
glass-ceramic restorations, that the silane coupling 
agent also contained in SBU would be as effective 
as separate silane application, the MDP claim would 
also seem to require testing. 
 In addition, the polymerization reaction of  
adhesives is normally light-cure reaction. This is a 
limitation for use with resin cements when luting  
metal or opaque ceramic restorations because of the 
lack of light transmission through the restorations. If  
the adhesives are light-cured before the resin cement 
luting process, the thickness of the adhesives can in-
terfere with restoration adaptability. To overcome this  

problem for SBU, the manufacturer suggests using 
with Rely X Ultimate resin cement (3M ESPE, St. 
Paul, MN, USA) without light-curing the adhesive 
prior to the luting process. The manufacturer claims 
that the dark cure activator added in the cement  
effectively initiates adhesive polymerization reaction 
during cementation.(9)  
 This study therefore evaluates the efficiency 
of SBU used as a metal primer on base metal alloy  
indirect restorations when luting with Rely X Ultimate  
resin cement, compared with three different metal 
primers, in both light-cure and dual-cure modes.

Materials and methods
 Specimen preparation
 Eighty cylindrical (7 mm in diameter, 3 mm 
height) base metal alloy discs, consisting of 59.5% 
Co, 31.5% Cr, 5% Mo, 2% Si, and 1% Mn (Argeloy 
NP, The Argen Corporation, San Diego, CA, USA)(14), 
embedded in self-cure acrylic resin in PVC rings (22 
mm in diameter, 12 mm height) were flat polished 
with up to 600 grit silicon carbide abrasive with  
water and cleaned. The bond surfaces were sand-
blasted with 50 µm aluminium oxide powder with 0.5 
MPa bar pressure at 10 mm distance for 5 s and ultra- 
sonically cleaned in distilled water for 10 min.
 After the specimens were dry, opaque stickers 
with central holes (3 mm in diameter) were posi-
tioned on the prepared surfaces. The specimens were 
randomly divided into four groups according to sur-
face treatment agents as follows: 1- SBU; 2, 3, 4 
- three different metal primers: Cesead N™ Opaque 
Primer (CN, Kuraray, Osaka, Japan), Z-Prime™ Plus 
(ZP, Bisco, Schuamburg, IL, USA) and Alloy Primer 
(AP, Kuraray, Osaka, Japan). After surface treatment 
following manufacturers’ instructions, each metal 
specimen group was divided into two subgroups 
according to polymerization mode: light-cure and 
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dual-cure mode. Before the luting process, the bond 
surfaces of the resin composite rods were sandblasted  
with 50 µm aluminium oxide powder with 0.25 
MPa bar pressure at 10 mm distance for 5 s, then 
ultrasonically cleaned in distilled water for 10 min, 
coated with silane coupling agent (RelyX Ceramic 
Primer, 3M ESPE, St. Paul, MN, USA) for 60 s and 
air-dried. In light-cure mode, prepared translucent 
resin composite rods (Filtek Z350 XT, 3M ESPE, 
St. Paul, MN, USA), 3 mm in diameter and 2 mm 
height, were bonded with Rely X Ultimate resin 
cement on the treated base metal alloy specimens 
and light-cured from 5 directions for 20 s each (LED 
Bluephase, Ivoclar Vivadent, Schaan, Liechtenstein). 

In dual-cure mode, resin composite rods were made 
opaque with metal tape on axial and top surfaces to 
prevent light transmission. Then they were luted with 
the same resin cement, light-cured from the top for 
20 s and kept in a dark box for 6 min. A constant 1 
Kg load was used on each rod and excess cement 
was removed with a microbrush before light-curing. 
After polymerization, all specimens were stored in 
distilled water at 37°C in a dark chamber for 24 
h. The materials used in this study are shown in  
Table 1.(13,15-19) A diagram of the experimental 
groups is given in Figure 1.

รูปที่ 1  แผนผังการแบ่งกลุ่มการทดลอง

Figure 1  Summary of methods of each experimental group.
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ตารางที่ 1  วัสดุที่ใช้ในการศึกษา(13,15-19)

Table 1  Study materials(13,15-19)

Product names 
and manufacturers

Composition Application 
procedure

Batch 
number

Single Bond Universal 
(3M ESPE, St. Paul, 
MN, USA)

MDP, Bis-GMA, HEMA, decamethylene 
DMA, ethanol, water, silane, 2-propenoic 
acid, -methyl-, reaction products with 1,10-
decanediol and phosphorous oxide, copolymer 
of acrylic and itaconic acid, dimethylamino-
benzoate (-4), camphorquinone, (dimethyl-
amino) ethyl methacrylate

1. Apply adhesive
2. Allow to react for 
20s
3. Gentle stream of air 
dry for 5s 

620467

CeseadTM N Opaque 
Primer (Kuraray Co., 
Osaka, Japan)

MDP 1. Apply to surface 
with disposable brush
2. Leave for 30s

4F0020

Z-PrimeTM Plus
(Bisco, Inc., 
Schuamburg, IL,  USA)

MDP, BPDM, HEMA, Bis-GMA,  
Ethanol

1. Apply 1-2 coats
2. Dry with air syringe 
for 3-5s

1600007704

Alloy Primer
(Kuraray Co., Osaka, 
Japan)

MDP, VBATDT 1. Apply alloy primer 
with sponge
2. Leave to dry

A50077

Rely X Ceramic Primer
(3M ESPE, St. Paul, 
MN, USA)

Ethyl alcohol, water, methacryloxypropyl-
trimethoxysilane

1. Apply for 60s
2. Dry with oil free air

N759704

Rely X Ultimate
(3M ESPE, St. Paul, 
MN, USA)

Base: Silane treated glass powder, 2-
propenoic acid, 2-methyl-,1,1-
[1-(hydroxymethyl)-1, 2-ethanediyl] ester, 
reaction products with 2-hydroxy-1,3-
pro- panediyl DMA and phosphorus oxide, 
TEGDMA, oxide glass chemicals, sodium 
persulfate, tert-butyl peroxy-3,5,5-trimethyl-
hexanoate, copper (II) acetate monohydrate 
Catalyst: Silane treated
glass powder, substituted DMA, 1,12-
dodecane DMA, silane treated silica, 1-ben-
zyl-5-phenyl- barbic-acid, calcium salt, 
sodium p-toluenesulfinate, 2-propenoic 
acid, 2-methyl-, [(3-metoxypropyl) imino]
di-2,1-ethanediyl ester, calcium hydroxide, 
titanium dioxide

1. Mixing cement on 
mixing pad for 10s
2. Apply thin layer on 
bond surface
3. Light cure for 20s 
per surface* 
(* Self curing setting 
time after mixing is 6 
mins)

628651

Abbreviations: MDP: 10-methacryloyloxydecyl dihydrogen phosphate; HEMA: 2-hydroxyethyl methacrylate; Bis-GMA: 
2,2-bis[4-(2-hydroxy-3-methacryloyloxypropoxy)phenyl)propane; DMA: dimethacrylate; BPDM: adduct of 2-hydroxyethyl-meth-
acrylate and 3,4,4,5 biphenyltetracarboxylicanhydride; VBATDT: 6-(4-vinylbenzyl-n-propyl) amino-1,3,5-triazine-2, 4-dithione; 
TEGDMA: triethyleneglycol dimethacrylate.
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 Shear bond strength test
 After storage, the specimens in each group  
(n = 10) were tested for shear bond strength using 
a universal testing machine (Instron 5566 Universal 
Testing Machine, Instron Engineering Corporation, 
Norwood, MN, USA). The load was applied to the 
adhesive interface at a constant crosshead speed of 
0.5 mm/min until failure occurred. The shear bond 
strength (MPa) was calculated from failure load.  
After the shear bond strength test, the fractured sur-
faces were examined using an invert phase contrast 
microscope (Olympus, Tokyo, Japan) at 40x mag-
nification to determine the failure modes, which 
were defined as: adhesive failure between metal and 
resin cement, adhesive failure between resin com-
posite rod and resin cement, cohesive failure in resin  
cement, and mixed failure if the fracture occurred on 
both metal surface and resin cement.

 Statistical analysis
 The means of shear bond strength of each  
curing mode group were statistically analyzed sepa-
rately using One-Way ANOVA and Tukey multiple 
comparison test as independent factors. A paired 
t-test was used to compare the means of shear bond 
strength of the two different polymerization modes 
of each surface treatment agent. Statistical analysis 

was performed using SPSS software (SPSS version 
17.0 for Windows, IBM, Chicago, IL, USA) at a 
significance level of 0.05.

 Scanning electron microscope (SEM) exam-
ination
 A further eight bonded specimens with the  
different surface treatment agents and curing modes 
were longitudinally sectioned to study the interfaces 
between the base metal alloy and the resin cement. A 
scanning electron microscope (SEM, JSM-5910 LV, 
JOEL, Tokyo, Japan) at 2,000x magnification was 
used to examine the interfaces.
 
Results
 Shear bond strength test
 The results are presented in Table 2. In light-cure 
mode, the mean shear bond strength of SBU was 
the highest but not significantly different from CN 
and ZP (p>0.05). The mean shear bond strength of 
AP was significantly lower than SBU (p<0.05) but 
not different from CN and ZP (p>0.05). In dual-cure 
mode, the mean shear bond strengths of all four sur-
face treatment agents were not significantly different 
(p>0.05).

ตารางที่ 2 ค่าเฉลี่ยความแข็งแรงยึดเฉือนและส่วนเบี่ยงเบนมาตรฐานของกลุ่มทดลอง

Table 2 Means and standard deviations of shear bond strength from each experimental group. 

Groups
Mean shear bond strength (MPa)

t-test (sig.)
Light-cured mode (L) Dual-cured mode (D)

Single Bond Universal Adhesive (SBU) 23.69 + 3.30A 19.79 + 3.78a 0.024*
CeseadTM N Opaque Primer (CN) 19.93 + 3.22AB 19.11 + 3.26a 0.578
Z-PrimeTM Plus (ZP) 20.23 + 2.59AB 19.35 + 2.04a 0.411
Alloy Primer (AP) 17.65 + 3.40B 16.92 + 3.46a 0.641

Any significant difference is represented by different letters in columns (p<0.05). 
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 The paired t-test analysis showed that the mean 
shear bond strength of SBU in the dual-cure mode 
was significantly lower than that in the light-cure 
mode (p<0.05), while there were no significant dif-
ferences between the light-cure and the dual-cure 
modes in the three metal primer groups (p>0.05).
 Adhesive failure between metal and resin  
cement, and mixed failure were found as shown in 
Figure 2 and 3. Figure 4 is a percentage diagram 
of failure modes of each experimental group. After 
using Chi-square test, no relationship was found 
between failure mode and mean shear bond strength. 

รูปที่ 2  ความล้มเหลวของการยึดติดระหว่างพื้นผิวของชิ้นงาน

โลหะผสมพื้นฐานกับเรซินซีเมนต์ a: พื้นผิวด้านชิ้นงาน

โลหะ b: พื้นผิวด้านแท่งคอมโพสิต (SAND: พื้นผิวโลหะ

ที่มีรอยเป่าทราย RC: เรซินซีเมนต)์

Figure 2  Adhesive failure between base metal alloy specimen 

and resin cement; a: base metal surface and b: the 

resin composite rod surface. (SAND: a sandblasted 

base metal alloy specimen, RC: resin cement)

รูปที่ 3  ความล้มเหลวแบบผสม a: พื้นผิวด้านชิ้นงานโลหะ b: 

พื้นผิวด้านแท่งคอมโพสิต (SAND: พื้นผิวโลหะที่มีรอย

เป่าทราย RC: เรซินซีเมนต์ C: แท่งเรซินคอมโพสิต)

Figure 3  Mixed failure; a: base metal surface and b: resin 

composite rod surface. (SAND: a sandblasted base 

metal alloy specimen, RC: resin cement, C: resin 

composite rod)

รูปที่ 4  แผนภมูแิท่งแสดงความล้มเหลวของแต่ละกลุม่การทดลอง

Figure 4  Proportions of modes of failure in each experimental 

group

 Scanning electron microscope (SEM) exam-
ination
 Figure 5 shows SEM images at the interface area 
of the base metal alloy and the resin cement with four 
surface treatment agents in light-cure and dual-cure 
modes of eight experimental groups. For SBU in 
light cure mode (Figure 5a), the adhesive layer can 
be seen prominently. 
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รูปที่ 5  ภาพบริเวณรอยต่อระหว่างช้ินงานโลหะผสมพื้นฐานและแท่งเรซินคอมโพสิตจากกล้องจุลทรรศน์อิเล็กตรอนชนิดส่องกราดก�าลัง

ขยาย 2000 เท่า a. กลุ่มที่ใช้สารยึดติดซิงเกิลบอนด์ยูนิเวอร์แซลที่เกิดปฏิกิริยาการเกิดพอลิเมอร์บ่มตัวด้วยแสง (SBU/L) b. กลุ่ม

ที่ใช้สารยึดติดซิงเกิลบอนด์ยูนิเวอร์แซลที่เกิดปฏิกิริยาการเกิดพอลิเมอร์บ่มตัวด้วยแสงร่วมกับเคมี (SBU/D) c. กลุ่มที่ใช้ซีสีดเอ็น

โอเพกไพรเมอร์ทีเ่กดิปฏกิริยิาการเกดิพอลเิมอร์บ่มตวัด้วยแสง (CN/L)  d. กลุม่ทีใ่ช้ซสีดีเอน็โอเพกไพรเมอร์ทีเ่กดิปฏกิริยิาการเกดิ

พอลิเมอร์บ่มตัวด้วยแสงร่วมกับเคมี (CN/D) e. กลุ่มที่ใช้แซดไพรม์พลัสที่เกิดปฏิกิริยาการเกิดพอลิเมอร์บ่มตัวด้วยแสง (ZP/L) 

f. กลุ่มที่ใช้แซดไพรม์พลัสที่เกิดปฏิกิริยาการเกิดพอลิเมอร์บ่มตัวด้วยแสงร่วมกับเคมี (ZP/D) g. กลุ่มที่ใช้อัลลอยด์ไพรเมอร์ที่เกิด

ปฏิกิริยาการเกิดพอลิเมอร์บ่มตัวด้วยแสง (AP/L) h. กลุ่มที่ใช้อัลลอยด์ไพรเมอร์ที่เกิดปฏิกิริยาการเกิดพอลิเมอร์บ่มตัวด้วยแสง

ร่วมกับเคมี (AP/D)) (M; ชิ้นงานโลหะ  RC; เรซินซีเมนต์ AD; ชั้นสารยึดติด)

Figure 5  SEM images of interface area (magnification x 2000) a. Specimen of Single Bond Universal Adhesive and light-cured 

group. (SBU/L) b. Specimen of Single Bond Universal and dual-cured group. (SBU/D) c. Specimen of Cesead™ N 

Opaque Primer and light-cured group. (CN/L) d. Specimen of Cesead™ N Opaque Primer and dual-cured group. 

(CN/D) e. Specimen of Z-Prime™ Plus and light-cured group. (ZP/L) f. Specimen of Z-Prime™ Plus and dual-cured 

group. (ZP/D) g. Specimen of Alloy Primer and light-cured group. (AP/L) h. Specimen of Alloy Primer and dual-cured 

group. (AP/D) (M; base metal alloy specimen, RC; resin cement, AD; adhesive layer)
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Discussion                        
 The versatility of universal adhesives is attractive  
to clinicians for use in both dentin and indirect 
restorations, in part because they are claimed 
to be able to increase the bond strength on base  
metal alloys without prior use of metal primers  
before cementation. The results in this study support 
this claim, showing that, in light-cure mode, the mean 
bond strength of SBU was not significantly different 
from CN and ZP, and was higher than for AP.
 This seems to be due to the MDP component of 
both CN and ZP metal primers. CN contains MDP 
while ZP contains MDP and BPDM (an adduct of 
2-hydroxyethyl-methacrylate and 3,4,4,5 biphenyl 
tetracarboxylic anhydride). 
 MDP is a phosphoric acid monomer and con-
sists of three components that function differently: 
the methacryloyl, dihydrogen phosphate, and decyl 
groups. The methacryloyl group is indispensable 
to copolymerize the MDP monomers in the primer 
and the matrix monomers in the resin cement. The 
dihydrogen phosphate group chemically bonds to 
metal oxides. The decyl group prevents penetration 
of water into the adhesive interface, either reducing 
or retarding hydrolysis.(5,20-24)

 BPDM is a carboxylic acid monomer which can 
also bond with metal oxides.(25) The bonding mech-
anism of both MDP and BPDM monomers increases 
the bond strength between metal oxide and resin 
cements.(26,27) 
 The resultant chemical bonds between the  
primers/adhesives and zirconia (ZrO2) have been 
characterized by Fourier-transform infrared spec-
troscopy (FTIR) and X-ray Photoelectron Spectros-
copy (XPS).(28) XPS determined the chemical bonds  
between MDP and zirconia while FTIR showed  
similar shifts in characteristic phosphate peaks for 
all the primer and/or adhesive groups. A reflection 

Fourier-transform infrared microscopy (RFTIRM) 
study showed that Z-Prime Plus induced phosphate 
and carboxylate salt formation on zirconia, promot-
ing chemical adhesion to resin.(26)

 In this study, bond strength in the SBU group 
was found to be not significantly different from 
CN and ZP groups, which showed that the MDP in 
SBU was chemically as effective as those two metal 
primers. This result is similar to studies(18,28) which 
reported that MDP-containing adhesives (SBU, All-
Bond Universal Adhesive (Bisco, Inc., Schaum-
berg, IL, USA) and Clearfil Universal Bond™ (Ku-
raray Noritake Dental Inc., Tokyo, Japan)) were as  
effective as Z-Prime Plus in promoting adhesion 
between resin and zirconia.
 Moreover, in this study, the bond strength 
of SBU group is significantly higher than the AP 
group in light-cure mode despite AP’s MDP content.  
Fonseca, et al.(29) and Di Francescantonio, et al.(30) 
presented similar results using AP as a primer on base 
metal alloys. The composition of AP is MDP and 
VBATDT (6-(4-vinylbenzyl-η-propyl) amino-1,3,5- 
triazine-2,4-dithione) monomers and it was spec-
ulated that the monomer VBATDT could have in-
terfered in the reaction between the MDP monomer 
in the primer and the metal oxides.(29) Most of the 
failure modes were adhesive failure, indicating that 
the weakest link could be in the layer of oxides, even 
though the statistical analysis did not find any rela-
tionship between bond strength and failure modes. 
 Kim, et al.(15) showed that bond strength with 
SBU surface treatment on zirconia was better than 
with AP treatment. The authors surmised that the 
low viscosity resin monomer in SBU, increasing the 
adaptability of the resin cement on the metal rough 
surface, along with co-polymerization of SBU and 
resin cement, increased the bond strength compared 
with AP on zirconia. HEMA (2-hydroxyethyl meth-
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acrylate), the low viscosity hydrophilic resin in SBU 
and ZP, presented good adaptability on resin ceramic 
bond.(31) Furthermore, wettibility is promoted by 
silane contained in SBU increased bond strength on 
zirconia cementation.(32-34) 
 In the present study, the smoother interfaces 
with fewer gaps between the base metal and the 
adhesive/resin cement could be seen on the SEM  
images of SBU/L and ZP/L in Figure 5a, 5e, com-
pared with AP/L. Despite the indication of AP for 
noble and base metal alloys, the use of this metal 
primer on the latter requires further investigation.
 Concerning light-cure and dual-cure modes, the 
current study found no significant difference in the 
three metal primer groups, due to the use of Rely X 
Ultimate, a dual-cure resin cement, containing both 
light- and chemical-curing initiators. Other studies 
have also shown that the degree of conversion of 
dual-cure resin cements in light-cure and dual-cure 
polymerization were not different.(35,36)

 Nevertheless, in this study, the mean shear 
bond strength of SBU in dual-cure mode was  
significantly lower than in light-cure mode. While 
other studies have shown the same effectiveness for 
MDP-containing adhesives as with metal primers  
on zirconia(18,26,28,32), light-cure was used after 
adhesive application and before resin composites/
resin cements were used. In this study, there was 
no light-curing on the adhesive before cementation 
process. 
 Normally, the polymerization reaction of SBU is 
light-cured, but the manufacturer suggests using this 
adhesive with Rely X Ultimate resin cement without 
light-curing the adhesive prior to the luting process, 
claiming that added dark cure activator in the resin 
cement would initiate adhesive polymerization reac-
tion during cementation. 

 The results of this study suggest that the dark 
cure activator in this resin cement did not seem to be 
fully effective in activating adhesive polymerization 
in dual-cure mode. Some studies have presented 
similar results, that without proper light-curing of the 
adhesive, the dark cure activator in the resin cement 
was not sufficient for purely chemical polymeriza-
tion.(37-39)

 Lühr, et al’s SEM images of the interface  
between dentin and adhesive/resin cement bonded to 
A3 colour, 3 mm thick resin-composite blocks with-
out light-curing adhesive prior to bonding process, 
with and without light-curing after cementation, 
showed porosity in the adhesive layer and provided 
low microtensile bond strength.(37) This could be 
from incompletely-cured adhesive layer underneath 
the thick, non-translucent resin-composite blocks in 
dual-cure mode. 
 A similar result was shown in this study. The 
SEM image of the interface between base metal  
alloy and adhesive/resin cement in the dual-cure 
SBU group, in which opaque resin-composite blocks 
were used, presented few gaps (Figure 5b), while the  
interface of the light-cure SBU group using trans-
lucent blocks showed smoother bonded surfaces 
between metal and adhesive/resin cement, as in  
Figure 5a.
 Better bond strengths are presented when  
dual-cure resin cements are used in cementing base 
metal alloy indirect restorations with light-cure  
process around the restoration margin, to initiate 
polymerization reaction, followed by chemical-cure 
reaction, rather than with only chemical-cure  
process.(38,40)

 Even though the bond strength of SBU in dual- 
cure mode in this study is lower than SBU in light-
cure mode, it is not significantly different from the 
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three metal primer groups in dual-cure mode. There-
fore the SBU adhesive could be suggested for clinical 
use to increase bond strength on base metal alloy  
restorations with Rely X Ultimate resin cement,  
instead of metal primers. Further study of the effects 
of long term storage should be investigated to deter-
mine durability of bond strength.

Conclusions
 Within the limit of this study, SBU adhesive 
could be used as a metal primer on base metal alloy 
indirect restorations when luting with Rely X Ulti-
mate resin cement, despite a decrease in efficiency 
of SBU in dual-cure mode.
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