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[Abstract] Objective To study the influence of procyanidins on the bonding strength of dentin bleached by carb-

amide peroxide to composite resin. Methods By applying different treatments to dentin bonding interfaces, 120 hu-
man third molars were randomly divided into 12 groups (n = 10): W group (no bleaching+deionized water), Wa group
(no bleaching +deionized water +aging), WT1 group (no bleaching+5% procyanidins for 1 min), WTla group (no
bleaching+5% procyanidins for 1 min+aging), WT2 group (no bleaching+5% procyanidins for 5 min), WT2a group (no

bleaching+5% procyanidins for 5 min+aging), C group (carbamide peroxide+deionized water), Ca group (carbamide per-
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oxide+deionized water+aging), CT1 group (carbamide peroxide+5% procyanidins for 1 min), CTla group (carbamide
peroxide+5% procyanidins for 1 min+aging), CT2 group (carbamide peroxide+5% procyanidins for 5 min), and CT2a
group (carbamide peroxide+5% procyanidins for 5 min+aging). The bond strength to composite resin was measured by
universal mechanical testing machine, microstructure and the nanoleakages were measured by scanning electron micro-
scope immediately or after the thermal cycling aging test. Results The immediate bond strength of the bleached
groups pretreated with procyanidins for 1 min (P <0.001) and 5 min (P < 0.001) was higher than that of Group C, and
the difference was statistically significant. Meanwhile, there was no statistically significant difference between Group
CT1 and Group CT2 (P = 1.000). After the thermal cycles, the bond strength of each group declined. The differences be-
tween Group W and Group Wa (P < 0.001) and Group C and Group Ca (P < 0.001) were statistically significant, but no
significant differences between Group CT1 and Group CTla (P = 0.052) or Group CT2 and Group CT2a (P = 0.053)
were found. The main effects of “aging” (P < 0.001), “bleaching” (P < 0.001) and “procyanidins” (P < 0.001) and the
second-order interaction effects of “bleaching * procyanidins” (P = 0.008), “bleaching * aging” (P = 0.024), and “ag-
ing * procyanidins” (P < 0.001) were statistically significant. SEM observations showed that the hybrid layers in Groups
C, CT1 and CT2 were not clear, and the hybrid layers in Groups Ca, CT1a and CT2a were partially destroyed and disin-
tegrated. Under backscattering mode, it was observed that there were a large number of silver nitrate particles in the hy-
brid layer of Group Ca, and the residual silver ions in the hybrid layer of Groups CT1a and CT2a were decreased. Con-
clusion Pretreatment with 5% procyanidins for 1 min can improve the immediate bond strength of dentin bleached by
carbamide peroxide to composite resin and maintain bonding durability.

[Key words] procyanidins;  tooth-bleaching; carbamide peroxide; dentin adhesive; composite resin;  bond
strength; microstructure; nanoleakage; bonding durability
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Table 1  Experimental grouping and bonding surface treatment

Group  Bleaching treatment Pretreatment mode Immediate/aging
W Deionized water Deionized water Immediate
WTI  Deionized water Procyanidins 1 min Immediate
WT2  Deionized water Procyanidins 5 min Immediate
C 10% carbamide peroxide Deionized water Immediate
CT1l  10% carbamide peroxide Procyanidins 1 min Immediate
CT2  10% carbamide peroxide Procyanidins 5 min Immediate
Wa  Deionized water Deionized water Aging
WTla Deionized water Procyanidins 1 min Aging
WT2a Deionized water Procyanidins 5 min Aging
Ca 10% carbamide peroxide Deionized water Aging
CTla  10% carbamide peroxide Procyanidins 1 min Aging
CT2a  10% carbamide peroxide Procyanidins 5 min Aging

Immediate: test immediate bond strength; aging: test the bond strength

after the cold and hot cycle aging test
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Table 2 The bond strength results of

each group x s, MPa
Group Bond strength Group Bond strength t P
we 23.00 = 1.89 Wa' 12.74 £ 0.71 1123 <0.001

WT1* 23.69 + 0.55 WTla’ 21.73 £2.22 2,54 0.064
wWT2* 24.58 + 0.55 WT2a* 22,62 +1.74 2.61  0.060

c 13.80 + 1.55 Ca' 8.29 +2.34 12.63 <0.001
CTI* 19.52 + 1.69 CTla* 18.04 + 1.94 273 0.052
CT2 20.50 + 1.61 CT2a* 19.44 +2.22 271 0.053

Experimental grouping and bonding surface treatment as shown in Ta-
ble 1. a, b, ¢: compared with group W, WT1, WT2, C, CT1 and CT2,
the two groups with different symbols have statistical significance (P <
0.05). d, e, f, g: compared with group Wa, WTla, WT2a, Ca, CTla and
CT2a, the two groups with different symbols have statistical significance

(P <0.05)
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Table 3 Results of Bonferroni test for different pretreatment

methods
Deionized water Bleaching
Immediate  Aging Immediate  Aging

Deionized water vs.
1.000 <0.001 <0.001 <0.001

1 min procyanidins

Deionized water vs.
0.166 <0.001 <0.001 <0.001

5 min procyanidins
1 min procyanidins vs.

0.762 1.000 1.000 0.987

5 min procyanidins

R4 SHEITEDRER

Table 4  Three factors analysis of variance

Source SS ds MS F P

Intercept 2164936 1 21649.36 7497.84 <0.001
Bleaching 345.12 1 345.12 119.53 <0.001
Procyanidins 628.56 2 31428 108.85 <0.001
Aging 206.02 1 206.02 7135 <0.001
Bleaching * procyanidins 3113 2 15.57 5.39  0.008
Bleaching * aging 15.69 1 15.69 543 0.024
Aging * procyanidins 131.09 2 65.55 22.70  <0.001
Bleaching * aging * procyanidins 1379 2 6.89 239 0.103

R J3E TR B 73 M

Table 5 Simple effect analysis of bleaching and procyanidins on dentin bond strength

Bleaching Procyanidins pretreatment (I) Procyanidins pretreatment (J) Difference of mean (I-]) P
o Procyanidins 1 min -4.84 <0.001
Deionized water
Procyanidins 5 min -5.73 <0.001
Deionized water 4.84 <0.001
Deionized water Procyanidins 1 min o .
Procyanidins 5 min -0.89 0.739
) Deionized water 5.73 <0.001
Procyanidins 5 min o )
Procyanidins 1 min 0.89 0.739
o Procyanidins 1 min -7.74 <0.001
Deionized water
Procyanidins 5 min -8.92 <0.001
) ) . ) Deionized water 7.74 <0.001
10% carbamide peroxide Procyanidins 1 min o )
Procyanidins 5 min -1.19 0.375
Deionized water 8.92 <0.001
Procyanidins 5 min o )
Procyanidins 1 min 1.19 0.375
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Table 6 Simple effect analysis of aging and procyanidins on

dentin bond strength

Procyanidins Procyanidins Difference of
pretreatment (I) pretreatment (J) means (I-])
. Procyanidins 1 min -3.21 <0.001
Deionized water
Procyanidins 5 min -4.14 <0.001
Deionized water 3.21 <0.001
Immediate  Procyanidins 1 min o )
: Procyanidins 5 min -0.94 0.674
Deionized water 4.14 <0.001
Procyanidins 5 min o )
Procyanidins 1 min 0.94 0.674
Procyanidins 1 min -9.37 <0.001
Deionized water :
Procyanidins 5 min -10.51 <0.001
) . ) Deionized water 9.37 <0.001
Aging Procyanidins 1 min . .
Procyanidins 5 min -1.14 0.416
Deionized water 10.51 <0.001
Procyanidins 5 min
’ Procyanidins 1 min 1.14 0.416
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Experimental grouping and bonding surface treatment as shown in Table 1. C: composite resin; H: hybrid layer; T: resin tag; D: dentin; arrows:

crack; In immediate Group W, WT1 and WT2, the hybrid layers were tightly bonded. The resin tags were dense and long and arranged regularly.

While in Groups C, CT1 and CT2, the structure of the hybrid layers was not clear, and the resin tags were relatively short and thin. After aging,
the hybrid layers of Wa, WT1la, WT2a, Ca, CTla, CT2a had cracks in different degrees. Among them, the structure of hybrid layers of Group

WTla and WT2a was clear and the number of cracks was the least. Several narrow cracks were found on the dentin-bonding interface of Group

Wa. The hybrid layers of Ca, CT1a and CT2a were partially destroyed and disintegrated, and the resin tags were sparse and disorderly

Figure 1  Observation results of the microstructure of the bonding interface (X2 500)

B ORGSR ROE SIS SR (X2 500)
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U , AR S T 20 A% 2 60 1 45 ko

w WT1 WwT2 C CT1 CT2

Wa WTla WT2a Ca CTla CT2a

Experimental grouping and bonding surface treatment as shown in Table 1. C: composite resin; H: hybrid layer; T: resin tag; D: dentin; The
images showed that the dentin-adhesive interface of each group had different degrees of nano-leakage. After aging, there were a lot of sil-
ver nitrate particles in the hybrid layers of Group Wa and Ca , and the residual silver ions in Group WT1a, WT2a, CTla and CT2a hybrid
layers were obviously reduced after procyanidins treatment. Moreover, the amount of residual silver ions in the bonding interface of procyani-
dins pretreatment for 1 min and 5 min was similar in appearance

Figure 2 Observation results of the nanoleakage of the bonding interface(X2 500)
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