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the light. After the water immersion, the specimen 
was attached to Bencor Multi-T device (Danville 
Engineering, San Ramon, CA, USA) and measured 
the ultimate micro-tensile strength (µUTS) with 
Tensilon Universal Testing Machine 
(RTC-1150-TSD, Orientec, Tokyo, Japan) at a 
cross-head speed of 1.0 mm/min.  (Fig. 2) 

The µUTS was expressed in MPa, as derived 
from dividing the imposed force (N) at the time of 
fracture by the narrowest area (mm2) measured by 
digital caliper (Mitutoyo, Tokyo, Japan). 

The number of specimen in each group was 10, 
and the data were analyzed using two-way 
ANOVA at 5% level (StatView 5.0J, SAS Institute, 
Cary, NC, USA). 
 
2.3. Spectrometric analysis  

One-drop of adhesive was taken into glass-slide 
and pressed with very-thin (approx. 0.15 
mm-thickness) cover glass (Matsunami Glass Ind., 
Ltd, Kishiwada, Osaka, Japan). Immediately after, 
this glass-slide was setup at specimen holder, and 
transmission spectra were determined in the 
350-800 nm range using UV-VIS-NIR 
spectrometer (DH-2000, Ocean Optics, Dunedin, 
FL, USA). 

Spectrometric analysis of three typical 
photoinitiators for dental resin restorative materials, 
CQ (Wako Pure Chemical, Co., Osaka, Japan), 
1-phenyl-1,2-propanedione (PPD, Tokyo Kasei 
Kogyo, Co., Ltd, Tokyo, Japan), and 

2,4,6-trimethylbenzoyl-diphenyl phosphine oxide 
(Lucirin TPO, BASF Japan, Tokyo, Japan) were 
also determined as control. 
 
3. Results and Discussion  
3.1. Ultimate micro-tensile strength (µUTS) 

µUTS in each adhesive/light source are shown 
in Fig. 3. Two-way ANOVA revealed a significant 
interaction between pair of means for the factors of 
‘adhesive’ (F=146.334, p<0.0001) and ‘light 
source’ (F=347.692, p<0.0001). Furthermore, 
significant interaction was found between the both 
factors (F=72.721, p<0.0001). Therefore, further 
analysis was carried out using the post hoc Tukey’s 
test at a significant level of p=0.05.   

In SE, no significant difference was found 
between QTH and violet LED (p=0.2097), 
nevertheless the power density of violet LED was 
very lower than the other light source. Blue LED 
showed the significantly lower µUTS value than 
QTH (p=0.0122).  

On the other hand, in both DE and UB, violet 
LED indicated the significantly lower µUTS value 
than the other light source (p<0.05), while no 
significant difference was found between QTH and 
blue LED (DE: p=0.1831, UB: p=0.9997). These 
results could be suggested that the different 
wavelengths affected the µUTS in each three 
adhesives. Therefore, the wavelength 
specifications of each adhesive were also 
performed. 
 
3.2. Spectrometric analysis 

The transmission spectra of each adhesive and 
typical photoinitiator are shown in Figs. 4 and 5. In 
DE and UB, the decreases of transmission were 
slightly found in 380-510 nm, and these spectra 
were similar to that of CQ. CQ is the most widely 
used photo-initiator for light-cured resin composite  

Fig. 2. Schematic illustration of the specimen 
preparation and testing of µUTS procedure; a. filling of 
adhesive into an acrylic frame, b. curing of adhesive disc 
with light source, c. trimming of adhesive disc with 
narrow portion of 1.4 x 0.7 mm, and d. tensile loading. 

Fig. 3. Ultimate micro-tensile strength of each 
adhesive/light source. 
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