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ABSTRACT
THE EFFECT OF THERMOCYCLING ON THE DURABILITY OF DENTIN ADHESIVE SYSTEMS

Young-Hoon Moon, Jong-Ryul Kim, Kyung-Kyu Choi, Sang-Jin Park*
Department of Conservative Dentistry, Division of Dentistry, Graduate of Kyung Hee University

The objectives of this study was to evaluate the effect of thermocycling on the #TBS (microtensile
bond strength) to dentin with four different adhesive systems to examine the bonding durability.

Freshly extracted 3 molar teeth were exposed occlusal dentin surfaces, and randomly distributed
into 8 adhesive groups: 3-steps total-etching (Scotchbond Multi-Purpose Plus: SM, All Bond-2:
AB), 2-steps total-etching (Single Bond: SB, One Step plus: OS), 2-steps self-etching (Clearfil SE
Bond: SE, AdheSE: AD) and single-step self-etching systems (Promp L-Pop: PL, Xeno III; XE).
Each adhesive system in 8 adhesives groups was applied on prepared dentin surface as an instruc-
tion and resin composite (Z250) was placed incrementally and light-cured. The bonded specimens
were sectioned with low-speed diamond saw to obtain 1 X 1 mm sticks after 24 hours of storage at 37
T distilled water and proceeded thermocycling at the pre-determined cycles of 0, 1,000 and 2,000.
The #TBS test was carried out with EZ-tester at 1 mm/min. The results of bond strength test were
statistically analyzed using one-way ANOVA/ Duncan’s test at the @ { 0.05 confidence level. Also,
the fracture mode of debonded surface and the interface were examined under SEM.

The results of this study were as follows:

1. 3-step total etching adhesives showed stable, but bond strength of 2-step adhesives were

decreased as thermocycling stress. '

2. SE showed the highest bond strength, but single step adhesives (PL, XE) had the lowest value

both before and after thermocycling.

3. Most of adhesives showed adhesive failure. The total-etching systems were prone to adhesive

failure and the single-step systems were mixed failure after thermocycling.

Within limited results of this study, the bond strength of adhesive system was material specific
and the bonding durability was affected by the bonding step/ procedure of adhesive. Simplified bond-~
ing procedures do not necessarily imply improved bonding performance. (J Kor Acad Cons Dent
32(3):222-235, 2007]
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ESPE, St. Paul, MN, USA), 2% AHRA1E Aol A
24 One-Step Plus (Bisco Inc, Schaumburg, IL,
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Bond (Kuraray Co. Ltd., Osaka, Japan)$ AdheSE
(Ivoclar Vivadent, Schaan, Liechtenstein), 124 7}
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SPE, Seefeld, Germany)$ Xeno III (Dentsply,
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23y BgyAl 7250 (3M ESPE, St Paul, MN,
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40z 7+ FEH3 B FAE F 4 mE 3
Act.

AAE 12000 A|| 37 © %

T, 42e] Agotd HAAE ol % 7H‘—TL“‘ A gk
A&EHA] @& SAIT (Group 1mmed1ate) g<8k 1,000
3 (Group 1000cycles), @<d 2,0008F (Group
2000cycles) & & UFo] F 24719 AgdTo2 EH/IIA
v B Ao Aled 44yl (3427, TaeWon
Tech, Korea)= 5 T @ 55 €9 & ¢£22 F4=HY,
AHo] Fzoll HR2E A 742 15%01‘34 ol% Azt
& 627t 285U B ¥ e T2 o3t
o] AFoZ Ao|HEE AHstHTt (Flgute D).

u

FoA 24417 BaEg

B. umlo]xl-gzgﬂc s

A& Diamond Saw (Buehler USA)E o] &3lo] #]o}
o A&g w1 m FAZ A ¥ o|& oA £HH
ato] @A oF 1 mro] HEE g 53 AHE A Fs ot
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Pavlen]
4 Thcrma]C) cling Machine
: dwelled for 15sec at each
bath (5°C55C)and
interval for 6sec
10, 1,000, 2,000 cycles

Bonding Composite
procedure build-up

1x I cross sectioning

Figure 1. Specimen preparation for microtensile bond
testing. Composite bonding on dentin surface and
vertical slice with 1 mm thickness.
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Table 1. The 8 adhesives used in this study

Type Adhesives(codes) Composition Application mode
PrimerA:- NTG-GMA (N(p-tolyl)glycine-glycidyl a, bl,
methacrylate), acetone, ethanol, water cl, e f
Primer B:
3-step BPDM (biphenyl dimethacrylate), photoinitiator, acetone
total All-Bond 2 D/E bonding resin:
etching (AB) Bis-GMA (bisphenol A glycidyl methacrylate),
systems UDMA (urethane dimethacrylate ), HEMA
(2-Hydroxyethyl methacrylate),
CQ (camphorquinone)
Scotchbond HEMA, Polyalkenoic acid copolymer, a, bl,
MP (SM) Bis-GMA cl.e, f
2-step One-Step (0OS) Bis-GMA, BPDM, HEMA, Acetone, CQ ci’ :,f
ett((:)}?rllg— Single Bond Bis-GMA, HEMA, Bisphenol A glycerolate a, d,
systems (SB) dimethacrylate, Water, UDMA, Polyalkenoic cl,e f
acid copolymer, Ethanol
Clearfil SE MDP (10-methacryloyloxydecyl dihydrogen phosphate), b2, d,
Bond (SE) HEMA, N,N-Diethanol p-toluidine, water, Bis-GMA, c2, e f
2-step self HEMA, N,N-Diethanol p-toluidine, microfiller, CQ
etching- Phosphoric acid ether acrylate, Hydrolytically stable b2, d,
systems AdheSE(AD) bisacrylamide, Water, Initiators and stabilizers, c2, e f
Bis-GMA, GDMA (glycerol dimethacrylate), HEMA,
Highly dispersed silica filler
Adper- Water, stabilizer, parabenes, methacrylated phosphoric e d,
Single-step Prompt acid esters, fluoride complex, photoinitiator BAPO c2, f
self-etching L-pop (PL) (bisacylphosphine oxide)
systems Xeno III (XE) Water, ethanol, HEMA, methacryloxyethyl-pyrophosphate, e, d,
F-releasing phosphazene, UDMA, micro-filler, CQ c2,

a - acid etch for 15 sec and rinse, bl - primer, b2 - SEP (self-etch primer), ¢l - moist surface properly, ¢2 - dry,
d - dwell for 10 - 40 sec, e - adhesive, f - light cure (10sec, 600 mW/cm?)

Figure 2. Failure modes of the fractured specimens.
A. adhesive failure, B. mixed failure, C. cohesive failure
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machine (EZ-test; Shimadzu, Japan)9] tensile zig
A A& 52 812 cross head speed 1 mn/minZ Q148 S
7hted #dd w7k Hd$Es dHHAH R 3tsld
oA A% A g 23R FY5E 0.05 level A
ANOVA / Duncan s test® A4 E4 3},

C. e &2

AJBEAIAEE ZAS AHY Aold 2 EZJH7
Z AdHS #3 Au) (Stereomicroscope Olympus
Co., Japan)oll* 6082 #2& EAMsle] Nakajima 5
34)°l| 23t F-Fkao] wel AA H2AAA F 90 - 100%
37t A& ARAA dojd A4 HAA B (adhe-
sive failure), E&d Al 90 - 100% 327} Lol A
2 YAl 284 33 (cohesive failure in resin), 4o}
Aol A 90 - 100% 77} ot 3% Aopde] %Xa“‘é
93] (cohesive failure in dentin), &= Yehd
2348 919 (mixed failure) 522 &3

D. FARAEY 7 #2

old = oyt HAA R g FARAAR A B
Z2 Agsan. AW dEE A% ANHEE LV“:
£35S AT AT L R ARetn ded AlY
STk AaE ok AlHe] HAAH #ES 95l A
ol HAH dote] FHez e £ epoxy
resinel Tttt =29 HAEHE #2,000 SiC
paper7tA| €214 uksl 1 diamond paste® o] 838t Avf
3k 3 ool 7714 2 f7)de Sald] Adtd 37%

Akl 3027 Hska o] & thA] 1.5% NaOClell 527t
Astgiet. Az 4 Fol& FH3A 714 At 20 kvpol
A FARAEE A (S-3200, Hitachi Co., Japan)2.&
RIS

M

L= |

I 4

o

1. OlMQIE HEdE

Table 29 Figure 3& 7} Aold H&A19] e 9 I
& Aol w2 mA Q1A @%’}7‘5—4 4 2792 7k 39
Bk 2 ZTAUAY A o1& TER Yeh Zolt} 7}
F e e APUEE ‘JrEM T2 @ oA @1 24
A7t o] 243 SE 222 485 wollen, 7 we

AEe TdFHY AAAZA & 2,0003] & A3
XETZLZ 13.5 wns JERNRIT
o

229 gobd BAAS AYAEE GeBA Yo

a8 R, 9UF BARNS B9 A4 3 53}
A% $ARAZ I8 M3kE BT (p (0.0D).

Bod A2 2 Ge8 de fAY ATIE 24

% sk Bas 53 gl $AATE Figure 59
2tk RE Aobd FAAVL A6 A3t 2 Y 347)
% E_od ui' E],_g_*_i ;o‘_a‘Laﬂ —4’4—] ol Esla]x_,] ___ZIH

MP_
337} FEHAT dotde] S e A FEHA
ootk Aobd HaA 9 dejol wle} ARAE Aold A

A 462§ 4 W SN A7AE 3

Table 2. 4TBS (v, mean + SD) of each groups before and after thermocycling. Multiple comparison tests were
performed within each adhesive type. Same superscript means no statistically difference in each adhesive type at
a < 0.05 confidence level. TEA: Total etching adhesive, SEA: Self etching adhesive

Adhesive 3 step TEA 2 step TEA 2 step SEA 1 step SEA
Thermo SM AB 0S SE AD PL XE
cycling
Immediate 344+ 144 364+ 128 369+ 142 365+99 485+ 102° 341+ 166 241+84 24+77
1.000 391+111 321+153 330+ 1416 284+74% 444+ 150° 251+63 217+79" 155+69°
cycles
2,000 5.3+ 150 296+ 126 264+104% 21.0+82 365+101° VO+72% 187+69% 135+97
cycles
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Figure 3. Multiple comparison of microtensile bond
strength for each adhesive as thermocycling.

-
Oimmediate Oimmediate
AB : — 01,000 cycle 01,000 cycle
: L X b

‘ 3 ©2,000 cycle ®2,000 cycle

sMm ]
1
0 0 20 30 40 50 60 A 0 10 20 30 40 50 60

SE = ) l Oimmediate PL . ‘ :"":::dmj
01,000 cycle 1000 ycte
i ' ) @2.000 cycle
2,000 cycle

Cc D

Figure 4. Bar charts showing the microtensile bond strength according to thermocycling for each adhesive type.
A. 3 step adhesive, B. 2 step total-etching adhesive, C. 2 step self-etching adhesive, D. 1 step self-etching adhesive.
Vertical bar means the statistical significance in same adhesive.
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Figure 5. Failure modes of the fractured specimens.

|

Fo] #& 251 Z‘ R‘Xﬂz—gé% A tag 5 ¢
W& A& oz vehtow FolAd ys 21
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A
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Figure 6. SEM image of interfaces bonded with SM and fractured surfaces.

A B. Immediate tested specimen. C,D. A specimen after 2,000 thermocycling.

The adhesive resin is not deeply infiltrated into dentinal tubules so that resin tags are blunt, but
relative thicker hybrid layer are examined. There is no specific difference between both groups. Both
fractured surfaces show adhesive failure at mainly the base of hybrid layer and tubules are occluded by
fractured resin tags (HL: Hybrid Layer, C: Composite Resin, RT: Resin Tag, DT: Dentinal Tubule).
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Figure 7. The adhesive interfaces bonded with OS and fractured surface.

A. Immediate tested specimen. Hybrid layer was formed uniformly and resin tags were deeply
infiltrated into dentinal tubules so that formed lateral braches. B. A specimen after 2,000
thermocycling. Note some gaps on the top of hybrid layer. C. Mixed failed surface that adhesive failure
at the top or bottom of hybrid layer in upper side and cohesive failure of composite in lower side of
micrograph (HL: Hybrid Layer, C: Composite Resin, RT: Resin Tag, DT: Dentinal Tubule).

_EBKY

Figure 8. The adhesive interfaces bonded with AD.

A. Immediate tested specimen. Relative thin hybrid layer that was well integrated without defect was
formed uniformly and resin tags were deeply infiltrated into dentinal tubules. B. A specimen after
2,000 thermocycling. Some broken resin tags below hybrid layer were observed though long tags were
formed (HL: Hybrid Layer, C: Composite Resin, RT: Resin Tag, DT: Dentinal Tubule).
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Figure 9. SEM image of interfaces bonded with single-step adhesives.
A. Immediate tested specimen bonded with PL. Relative thicker hybrid layer was formed uniformly and

well demarcated from adhesive layer and greater number of resin tags were deeply infiltrated into
dentinal tubules that was connected each other by lateral braches. B. Fractured surface of PL after
2.000 thermocycling shows adhesive failure that peritubular dentin is remained partially. C. Adhesive
failed surface of PL 2,000 group. Adhesive layer is a worm-eaten appearance that allows water
movement between the interface and the underlying hydrated dentin. D. A specimen after 2,000
thermocycling. Note some gaps between adhesive layer and top of hybrid layer (HL: Hybrid Layer, C:
Composite Resin, RT: Resin Tag, DT: Dentinal Tubule).
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