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Dentin hypersensitivity and its treatment
Kyoung-Kyu Choi. DMD, MSD, PhD

Department of conservative dentistry, Kyung Hee University, Seoul, Korea

Abstract

The objective of this review is to inform
practitioners about dentin hypersensitivity:
to provide a brief overview of the

diagnosis, etiology and clinical
management of dentin hypersensitivity
and to discuss technical approaches to
relieve sensitivity.

Dentine hypersensitivity is a common
oral pain condition affecting many
individuals. The aetiology is multifactorial;
however, over recent years the importance
of erosion has become more evident. For
dentine hypersensitivity to occur, the
lesion must first be localized on the tooth
surface and then initiated to exposed
dentine tubules which are patent to the
pulp. The short, sharp pain symptom is
thought be the

hydrodynamic pain theory and, although

to derived from

transient, is arresting, affecting quality of
life. This episodic pain condition is likely

to become a more frequent dental

complaint in the future due to the

increase in longevity of the dentition and

the rise in tooth wear, particularly

amongst young adults. Many efficacious
treatment regimens are now available, in
particular a number of over-the-counter
home use products. The basic principles
of treatment are altering fluid flow in the
dentinal tubules with tubule occlusion or
modifying or chemically blocking the
pulpal nerve.
words:  dentin

Key hypersensitivity,

desensitization, hydrodynamic theory
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B0l CHotOo] ZOt= Xt oL,

Mle HotEel M (Formation

of reactionary/tertiary dentin)
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Figure 2. Formation of reactionary/tertiary
dentin A. formation of a reacted dentin in
pulpal lumen, B. fibroblast and adjacent

differentiated odontoblast-like cell.

(2) AMEZHEo| M3t (Modifying nerve
excitability)

EAEE(% KNO?, potassium
nitrate)= &OFE US| MX|E 2[5t
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MEB7|50| AHEICH Ml2te] A0 K+
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Mg W K+ Ol2s
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d
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rE o

= S MEtaE K== AFOJO EXSh= 2t
Bo{gfol Figol ofsh Metel7| o
282E AF7| oL,
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M (Mechanical blockage with adhesive)
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Figure 4. A. immediate photography after

x
ot7| oLt Uik, dotd H
o

o|gst MAUFT MX|= HAI7H U

mo > ri

m

b, dental adhesive applied (Single Bond, 3M), B.
large area of adhesive layer is taken off after 3

months.
4) &OpN ol S

oM adS n¥AZIs EEAHMS FE

[ |

o
Ho
Ly

o glutaraldehyde(Gluma DesensitizerTM -
Heraeus  Kulzer; 35% HEMA, 5%
glutaraldehyde, 60% H,0)O|Ct. Xla=4 Ct
Ao ol MEUHFER 0] EFSHD

glutaraldehyde?t @& &2 L1EAIA *1|
2 W "plug"E AH-ESICE Varnish E&=
dimethacrylate(PEG-DMA) S8 0|83}
Tl Aol Z1a2F A0 0|22 HEAZ

[ =

|'-||I

Figure 3. Adhesive is well infiltrated into

exposure dentinal tubules.

= S| (VivasensTM - Vivadent; 75%
Varnish (Ethanol, Water and Hydroxypropyl
cellulose), 20% Polyethylenglycol dimethacrylate, 5%
Methacrylate modified Polyacrylic acid)=
O| 8 EICHFigure 5). Ol2{gt EH&Z2tA|= K|
Of AX = YAl+== 7|ZH0| =atot UL
O, A|MEL} OrE TAAH<l Zdegs ¥
: SHSHR| QECh 3 ARol XAy
R SoT51 $099 08 RCrOne AOPE EAH|(Clearfil SE Bond, Unifil
Bond)2t FAISHA EdXHES St AL
2 2N UACL YHdHe=2 GOl 0[83}
= YROIX[Z =ifo| X|&Hdof CHshM =

s|o|=olct,
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Figure 5. A. coagulation of dentinal tubular

fluid using by Gluma™, B. fixation and ion

precipitation using by Vivasens™

(5) 0|2 &% (lon precipitation)
XfdE e =2 N W =ZgE
‘d&(NaF-sodium fluoride, stannous fluoride,
potassium oxalate, strontium chloride,
calcium sodium phosphosilicate S)& 0|
g5t0] JotMetE XY HMSHALE E=
Zoo|dE RE5H0 WAUSS E0E +
ALt
T=h SAL 90 £e M N2 K|
SEH(5% NaF; Cavity Shield-3M, Fluoro
Protector-Vivadent) Z=AEZXEE Edf| $4t
ot QM (HA)ZE B3I ECf LfAE R
= =°tdE =1 Xorel MEsE

-
AE
=
.
o

0 3

3
S 2
=)
=4

H

L BFCE Tricalcium phosphatef
&ot= Tooth créme™it HXoh HEZ Sle
OFMZ 10% CPP-ACP (casein phosphopeptide
amorphous calcium phosphate. Recaldent
™_Breezecare, Tooth Mousse™-GC)7t QUL

CPP-ACP= 212 7ZtMQI0AN F=ESt=

rir

dEoz M0 FXE0[ gl X[ote]
g$3E X5t MERE S5t AT
= d2A7|l=e HE0 Ao =2 A4S
2o ALt . ol2et 0|2 Ex= 23[9
MX 2= WSS 8457 of2if gt=
HE0| ERdtrt

2 A70E Pro-Argin technology= A

oF g&0{ 8% arginine, calcium carbonate,
1450ppm =AE ESI 0[2{3 J&0|
dotMEE BuHo 2 xif BAES

Al d2|1 X&Fo=z 7.:,*_+_A|?_I|:f. (=l
2 Y222 bioglass?t 0|& ?
2 XFF20M =ZE2 XH-?—E =z
2 MEE=H, F2 &2 silicate?t Ca
ot pe| FHES flet Hez AESHO
OFM|ZH L Z(apatite) FHI0 &3}

E_’F_Xl
=

I_l
-

Zgo|M QWIEE potassium oxalate?}
ULt oxalate= X[OFQ| gy d 21t BHSSt
0| Calcium oxalate 282 A-d5t &0f
NS 7IAE2E H2st FtEE &
A A|ZICH (Ca*? + Oxalate” = Ca Oxalate
crystal). M2t 7o| H2f= Q510 Fate
7b AASHX|D mHe| AFO| 23S0t

FAIEZ] O HOtA2 LHEFX] oF K|

7t RS XSH7| IR0 X&Hel =
ME 27| O{EChFigure 6). O] & T&t
+22 & A2 Calcium oxalates= LAY
O &3t FEHe HFEE o = AU
Ch. M2t Ol +=7T/E&5t7| flsf &2
Alg M= ZAo|Ct

ARAMS M-SH0x) LB BF
HOtE S T2 =2AZ|H MEO] i

ol LHE=Z o7t %
SRLE EHAL Mt
VS

—

k1
0z
o
ba}
o
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i
fob mn o2 =

(Figure 7). O|2{2t oxalate XMIZH2t FEHK|
Zte| tztHEZ et M|Tt BisBlock™
(BiscolO|Ct. K= Z2TFE #H2 =29

== Al 2% AUEESS oYsty| flet
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Figure 6. crystal of calcium oxalate is formed
when the potassium oxalate(Superseal-Phoenix
Dental) chelated with calcium ion on the

dentin surface .

Figure 7. A, B. Crystal mass is produced in

dentinal tubule when BisBlock is applied after
acid etching, C. then, double barrier can be
formed and reduced permeability by dental

adhesive applied.

(6) E|O|X O|& (Laser treatment)

B
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=
o

A0 20| ALEO| &
ASl 2ot MBS HXo| S
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250l X|ote| #=4ts}Qlg|
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(discharge)2 &36+0 RIZ
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L MOPE HBO M4 8
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40 W
1o mo mlo
>
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>
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N
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m

% (erythrosine)2 ZZE3IT HO|HE ZA}
St HAE =0 HOM|2+2 H2afA[ZICH
(Figure 8). Energy power?t =2 Nd-YAG
0|7t &0tE BIHFZ KXo ZutHO|
o, 23| ZALELCH= gt HX|0 ofsf &

g Z|che = Aok 2, HETL 2

-

.

O 0| &0lgh FL(0= 0[N ZAf
5oz 2510 X2
o

| FR0lE =g

|0

Figure 8. Surface change after laser treatment.
A, B. Scanning electron microscopy images,
C. Atomic force microscopy, D. dentinal tubular

occlusion by the melted HA after laser

treatment
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A S22 Tdd MotEel d-EE 7|
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2 9% of ZE OM =&0| 3712 += U= =ME
Of Bx [ QUCt U2t 2 ==0M= L

=g 8T =50 X FH T SHL7E Yok FXAP|Q SRE 4G MM =

F3E7I0ICt =7|0l= AM FFEV FF TS QT FZAVIE MEE I =30

717 ATHEIRLLL O|F ZHIAEM EFEl 2 &+ Us 0|22 HmEAX; oot

2 M= 67|10 AHEElE &R0 HAH

-SE20|M E2kA0r 2| X204 LEDE  Abstract

0|&3%t0] 1 =882 =0/ ACL 5 T

o ZE0| MIHZ O|FOX|X| oW +=EZ9 Light curing unit is essential device when we

HAOIL} 240 HOX|A =/ X|LtE DZE il the cavity with composite resin. At the

of #&e7|= MZAOM= 3Z=9| B2 ZA  beginning, ultraviolet light was introduced and

AZt2 FHEstD AKX HH S0l CHsiA it was replaced by visible light device. Also the

= 9IEAl £ r EBH IZEE 08  source of light was changed from tungsten-

42 243 Fexo2 2ot 8= 83 halogen lamp, to plasma, and LED. If the
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curing of the composite is incomplete, it
shows discoloration and deterioration of the
physical properties. Some high output device
manufacturer recommended 3 seconds curing,
but there was doubt of their effectiveness.
Also they developed higher polymerization
shrinkage stress and this increases the
microleakage of the restoration. Therefore, in
this manuscript we'd like to introduce various

curing unit and the basic knowledge of them.

Keyword: light curing unit, composite resin,
tungsten-halogen light, plasma arc light, LED
light

2 Yr2 58 Mo methacrylate THEEA|
2 O|F0IM A2n of7|0f FIHAIM Lt 25
EXME FI6HY ity =2 Aoz F
O] JHAIEH N7 S HE Fd5H B
g0l O|FOoiX|1 = Qg REZZ M7t
=2 ZdEE JHX|= CHotet 232 s A =
Ct. CHEFS HEJF R27F OFF £22 M
Hl S 23 O/Met Xio|7t L= AS FES=
A2 X LR OMEE FE Z2 infrared

spectrometer, =22  differential  scanning

calometers2| W¥S O|&%t0 FHEotH 1
Aol & = QUbt ok O JEof Xpojo &

tetel QIXt7E ofel ofg 7t
AR AT 229

-
rlo
ot

H3t, XHZEC| photo initiator?t accelerator@]

sk, JEol oy, SeTel M, ST

o i

2 RoE, STl ST FFt Fot
H Ed, ExAIeE =T 2ol AHel S-
o oo ZA740| EICt(Lucey et al, 2015; Price
et al, 2015)
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AY -t WRHOEE YT (degree of
conversion)& F7d5t= #0| QUC} O|H2
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base®} catalyste| H=tst Hlg=2 X
M S2d dEo| el 5y

2ot 2 BHES 7HKD A/UC

CHOoR ALE HS UV BEAE oW
ojzofxE & 0|

Ch(UV polymerization of composite filling

sgo|

S

materials. A Kulzer documentation, 1978) O|
A2 AP FHOM = FEIRAIT uvE
O] =0 EO|X| Qo HZAIE Stz RRE &
7] ofg4g, uvao| 2INof S22 FO| e
XM Ol ZHA|EME 0|83t S| TIo| 7H
e A0 ALK OB RUACE(Hansen,
1982; Hirabayashi et al, 1984) O|lf O|&%|&=
HZA7|= tungsten-halogen bulbE O|23}=
20| LErHO|QALCt O] HFE ZtA|EMdat H
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QM A AME mutor Qe mhEol YW
2 YdAZI=H 2217t FEeol 2East oty
o| 8lol YME Friol 8l Ths Z2Ui7| Il
2HE AMEolH LIMX| Slez QIsf B2 &
Of 2d3HA =2z ES AHsh= EHE At
23517 EICh(Masutani et al, 1988) 3t OfIf
ddot @2 MoiF7| o d4Ho| 2o =
OF7HA ElB22 2 HHAZQP %2 X
v&d, &8 Jd2|1 B 2 F+ =Y,
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rlo

AlZhol Zapetol mE @AM 7ol Motet

HES 7K AL (
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H o

gl 1).(Donly et al,

[
| ‘ LIGHT
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\ CIRCUIT
| BOARD

R seriill
a3 1. LEPN QI tungsten-hallogen SZEAZ|QF &,

[ |
SO gEtq ez E2| AFEEE

a H EEALY|

b. 3ZEAZ| #Zxo| ZAZ HMYUS o My

Of Sl0] S0{@T O] Wo| HiAtEts Soff stXez

S0 Fu FXtchur EFOELLE SotA7|= E

EIE E3l fiberoptic guideS S H0] ZZAL7|9|
O ZAPG Elh MFoA Lhdst |

- 0

21r
o
pasi
o
o

F7| 98l cooling fanO| ZO0I7HA &

ZAZI0M Le 280 R|YIoltt

O] C}Z2o=Z AJ§El Z0| Plasma arc curing
unit, 2@ PAC light2t SH= Z40|ChHFano et
al, 2002)0|42 HM30| =2 & MIIE 7HX|

82 3X curingl2 FE 0| 7+s55t0

MM AlZtE B 5= UCH= ALt resin
=2 ceramic inlay, onlayE resin cement2 O
83510 setting2 & M =222 S =2
L2 FEAMZE = Utts AE FEL2E It
o] 27H%[RALH (AF 2). SHX[2F O|F 2 Ao
ol MMM FHoE 3% FZAITC=Z
= S2HTE 5295 SLAZE F gt A
Of &Mon Lot HE M Zz s T¢
2700 =2 80| 2dsty =551t X|ote
Aol S=0| &A LEFE & UCk= BHO|
KA ALE S 717]12] 7HE0]  tungsten-

hallogen ZZAL7|0f HIsH HFE I7t2ts A=
ety oz HIEI|0s o2 EMIS=2

HOtAO o= Aol AFEEIX| G ALY,

2% 2. Plasma arc curing unit.
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2003; Lee et al, 2012; Vandewalle et al.,, 2005)
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38 5. 2MCH LED XA

Z2 MELl d2 oz /9| LEDE 0|85t &
o M7|E B7tAA HE s |FECHT AT
o[k X2l HMES AH radiometerE 0|&50]
EHEH H2ULECL 22 FEE 20| HEO|
O £-20lCt.
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=

12 6. G-light (GO).
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MMM E 2= S TIM S0l M2 Lo
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2 35} SCt (Sakaguchi, 1999) EZEALZ|Q =
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Abstract

Objective: In clinical situation, repair of the
composite is very common and this can
save the tooth structure compare to the
total replacement of the previous
restoration. However, it is well known that
the bond strength between the aged and
fresh composite is lower than immediate
bond strength. The purpose of this study is
to evaluate the aged composite repair
ability of various surface treatments and
bonding systems using micro-shear bond
test.

Materials and methods: After prepare the
aged composite (Ceram X mono A2,
Dentsply DeTrey, Konstantz, Germany), their
surface was roughened one of the

following with Cojet, 50 um ALOs; or

extrafine diamone point. Then it was etched
with 37% phosphoric acid and silane. Three
different bonding agent was applied (Adper
Singlebond 2

(3M/ESPE), XP bond(Dentsply), Heliobond

(lvoclar/Vivadent) and hybrid composite was

bonded for testing micro-shear bond
strength test(SBS). 5,000 cycle
thermocycling was done after repair.

Fractured The bonds were stressed in shear
at a cross-head speed of 0.5 mm/min until
failure occurred.Fracture mode was observed
with stereomicroscope at X10 magnification
and SEM. For statistical analysis one-way
ANOVA was performed using the SAS 9.1.2,
with significance set at the 95% probability
Bond (MPa) were
submitted to one-way ANOVA. Multiple

level. strength data
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comparisons were made with LSD test
(=0.05) with the six surface roughening
methods, three bonding procedures and
two post-repair aging procedures as the
independent factors. Statistical significance was
set at p<0.05 in all tests

Results: Surface treatment did not show
any significant difference and their SBS was
lower than immediate bonding group and
higher than nontreated group. Also there
was no significant difference  among
bonding agent.

Conclusion: Within the limitations of the
present study, surface treatment and
bonding agent did not affect the repair
bond strength of the aged composite,
however, they were higher than nontreated
group.

I. Introduction
The use of resin-based composites
became routine with the improvement of
the bonding systems, curing systems and
mechanical and physical properties of the
resin systems.

(Tezvergil et al, 2003) Even though the
properties of composites have been

enhanced, factors such as wear,
discoloration, polymerization shrinkage and
microleakage still limit the longevity of
composite restorations.(Gordan et al, 2003;
2007)

failures of composite restorations do occur

Papacchini et al., Fractures and
from time to time, and the clinician must
decide whether to replace or simply repair
these restorations

(Shahdad and Kennedy, 1998)

Total replacement of the failed restoration
is the most common method in daily
spend 70% of their

chairside time replacing restorations.(Mjor and

practice. Clinicians
Toffenetti, 1992) However, the complete

removal and remaking of a defective

composite restoration is time
consuming(Krejci et al,, 1995) and involves
the risk of removing sound tooth substance
as well as injuring the pulp tissue
.(Frankenberger et al, 2003) By repair of
composite restorations, intact part of the
restoration and/or tooth tissues could be
maintained and repair could be considered
an alternative to total replacement.

The bond strength of composite that is
incrementally built upon fresh,
uncontaminated composite is the same as
the cohesive strength of the material.(Boyer
et al, 1978) However, many studies have
shown that once the resin composite has been
contaminated, polished, laboratory processed,
the bond

composite  to  that

or aged, strength of fresh

surface  drops
considerably.(Bayne et al., 1994; Chan et al,
1984) Interfacial repair bond strengths are
widely variable and typically in the range of
25% to 80% of the cohesive strength of the
1986;

Frankenberger et al., 2000; Vankerckhoven

substrate materials.(Azarbal et al.,

et al, 1982) In previous studies, it was

reported that unreactive methacrylate
groups are reduced with time, thereby
reducing the potential for
resins.(Boyer et al., 1984b; Swift et al.,, 1992)

Moreover, the intervention of instruments for

bonding of
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polishing  composites  accelerates  the
reduction of reactive groups and exposes
the inorganic filler particles to the surface
that may not present further bonding
ability.(Vankerckhoven et al., 1982)

A variety of surface conditioning methods
have been developed to improve the repair
bond strength. These methods include the
roughening with diamond bur, sandblasting with
aluminum oxide particles, sandblasting with
the silica coating particles, acid etching,
silanization, etc. It was reported that acid
etching of the surface does not increase or
reduce the bond strength of repairs.(Swift
et al, 1992; Swift et al, 1994) In several
studies, airbone particle abrasion using
aluminum oxide particles led to significant
increase in the strength of composite
repairs.(Lloyd et al, 1980; Oztas et al,
2003b) Bouschlicher et al(Bouschlicher et al.,
1997)

with Co-Jet Sand

concluded that surface treatment
system results in a
superior bond strength. Kupiec et al(Kupiec
1996) found that bond

strength resulting from roughening of the

and Barkmeier,
surface  with the diamond bur was
statistically equivalent to that obtained
when bonding to an air-inhibited layer on a
cured composite. Soderholm et
al(Soderholm and Roberts, 1991) reported
that silanization increases the repair bond
strength. Even though the literature
presents several comparative studies, there
is no consensus as to the best surface
treatment for optimum repair strength of

composites.

Some researchers investigated the effect

of different bonding agents on bond
strength between old and new composite
resin. Cristina Lucena-Martin et al(Lucena-

Martin et al, 2001) reported that Prime &
Bond 2.0 adhesive showed higher repair
bond strength than Heliobond. Cavalcanti
et al(Cavalcanti et al, 2007) reported that
Clearfil SE Bond showed higher repair bond
strength than Single Bond.

Recently Dentsply launched a new 2-step
etch and rinse system with self-cure
activator, named XP bond. This system has
carboxylic acid modified dimethacrylate(butan-
1,2,3,4-tetracarboxylic acid, TCB) — adopted
from Dyract — and tertiary butanol as
solvent. TCB has affinity to adhere to the
tooth structure chemically, and also has
posiibility of the bond strength to the aged
composite.

Therefore, the purpose of this study is to
evaluate the aged composite repair ability of
surface  treatments

various and bonding

systems using micro-shear bond test.
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Il. MATERIALS AND METHODS

1. Materials

The materials used in this study are listed in Table 1.

Table 1. Materials used in this study

Material Composition Manufacturer

Ceram-X mono Methacrylate modified polysiloxane Dentsply
Dimethacrylate resin DeTrey, GmbH,
Fluorescece pigment Germany

UV stabilizer
Stabilizer
Camphorozuinone
Ethyl-4 benzoate

Barium-aluminum-borosilicate glass

Methacrylate functionalized silicon dioxide

nano filler

Heliobond

Bis-GMA (60%wt)

Triethylene glycol dimethacrylate (40 %wt)

Stabilizer

Photoinitiator

Ivoclar Vivadent
AG,

Liechtenstein

AdperTM Single
Bond 2

Bis-GMA

HEMA

dimethacrylates

ethanol, water,

a novel photoinitiator system and a
methacrylate functional copolymer of
polyacrylic and polyitaconic acids, silica

nanofiller

3M ESPE, St.
Paul, MN, USA

XP Bond

Carboxylic acid modified dimethacrylate
Phosphoric acid modified acrylate resin
(PENTA)

UDMA, TEGDMA, HEMA

Butylated benzendiol (stabilizer)
Ethyl-4-dimethylaminobenzoate,

camphorozuinone

Dentsply Caulk,
Milford, DE,
USA
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Functionalized amorphous silica

t-butanol
Co-jet Aluminum trioxide particles coated with 3M ESPE,

silica Seefeld,

Germany

Calibra 3-methacryloxypropyltrimethoxysilane Dentsply Caulk,
silane coupling Milford, DE,
agent USA
2. Methods

The outline of the experimental procedures is shown in Fig1.

Surface roughening

Post-repair aging

::> None

Thermocycling wth
Artificial saliva

-50 Alumi
Thermocycling wth oxideum uminum
Artificial saliva
Composite - Extrafine diamond
curing bur
Ceram X
Bonding
Silanization
|:> Surface conditioning ::> ::> Adper TM
YES Singlebond 2
H3PO4 (60 sec)
No XP Bond
HelioBond

::> ij Evaluation:
Microshear test

Fig 1. Schematic diagram of experimental procedure

a. Specimen preparation

One hundred eight composite specimens
(Diameter 8mm, height 2mm) were made
from nano ceramic composite resin (Ceram-
X mono A2 shade; Dentsply DeTrey GmbH,

Konstanz, Germany). Cylindrical teplon mold

with an inner diameter of 8mm and a
height of 2mm was used. Composite resins
into the mold, and then

were inserted

covered with glass cover plate placed

perpendicular to the long axis of the

cylinder and cured for 20s at 90 degrees to
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the top surface with a light curing unit
(SmartLite; GmbH,

Konstanz, Germany) After the specimens

Dentsply  DeTrey
were removed from the mold, they were
cured further for 20s at the bottom surface
in order to ensure uniform and complete
polymerization. The top surface of each
specimen were POGO
(Dentsply Caulk, Milford, DE, USA) and then
ultrasonically cleaned for 3 minutes using
distilled After
specimens were aged by thermocycling for

5000 cycles between 5-55°C with a dwell

polished with

water. polishing, the

time of 30s. After aging, the specimens
were randomly divided into six groups (18
specimens each) according to the surface

roughening methods.

b. Surface roughening procedures

1) Sandblasting with 50um aluminum oxide
particles

Each aged composite resin specimen was
air abraded for 10 s using 50um aluminum
oxide particles with a chairside abrasion
unit(). The specimen was then rinsed for 10
s using a stream of oil-free compressed
air/water from a syringe tip. An air syringe
was then used for 5 s to remove excess
surface water.

2) Sandblasting with 50um aluminum oxide
particles plus silane coupling agent

After sandblasting with 50um aluminum
oxide particles, a silane coupling agent
(Calibra ; Dentsply Caulk, Milford, DE, USA)
was applied and allowed to dry for 1
solvent  was

minute.  Any  residual

evaporated with compressed air
3) Sandblasting with CoJet-Sand

Each aged composite resin specimen was
air abraded for 10 s using 30 um aluminum
oxide particles coated with silica (Colet-
Sand,3M ESPE; Seefeld, Germany) with a
chairside abrasion unit(). The specimen was
then rinsed for 10 s using a stream of oil-
free compressed air/water from a syringe
tip. An air syringe was then used for 5 s to
remove excess surface water.
4) Sandblasting with CoJet-Sand + silane
coupling agent

Each aged composite resin specimen was
air abraded for 10 s using 30 um aluminum
oxide particles coated with silica (Colet-
Sand; 3M ESPE, Seefeld, Germany) with a
chairside abrasion unit(). The conditioned
surface was then coated with a silane
coupling agent (Calibra ; Dentsply Caulk,
Milford, DE, USA) and allowed to react for
5 min.
5) Bur grinding with a extra-fine grit
diamond bur

An extra-fine grit diamond bur was used
for 10 s to roughen the aged composite
specimen surface. A high-speed handpiece
with a water spray was used. The specimen
was then rinsed for 10 s using a stream of
oil-free  compressed air/water from a
syringe tip. An air syringe was then used
for 5 s to remove excess surface water.
6) Bur grinding with an extra-fine grit
diamond bur plus silane coupling agent

After grinding with an extra-fine grit

diamond bur, a silane coupling agent
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(Calibra ; Dentsply Caulk, Milford, DE, USA)
was applied and allowed to dry for 1
minute.  Any  residual solvent  was
evaporated with compressed air.

After roughening the composite surface, the
specimens were etched with 37% phosphoric
acid gel (Scotchbond Phosphoric Etchant ; 3M
ESPE, Seefeld, Germany) for 1 min, rinsed
and dried thoroughly. And the specimens
were further subdivided into three groups
(36 specimens each), according to the

bonding systems.

C. Bonding and repair procedures

Each group was treated as the following:

1) Heliobond group : Heliobond (lvoclar
Vivadent, AG, Lienchtenstein)
2) AdperTM Single Bond 2 group
AdperTM Single Bond 2 (3M ESPE, St, Paul,
MN, USA)

3) XP Bond group : XP Bond (Dentsply
Caulk, Milford, DE, USA)

Directions for bonding procedure of each

group are described in Table 2

Table 2. Manufacturers’ Guideline for adhesive systems used for repairs

Adhesive System Manufacturer  Direction for use
Heliobond Ivoclar - Apply a thin layer of Heliobond (use
Vivadent an air blwer, if necessary).

- Polymerize with light for 10 s

AdperTM Single Bond 2 3M ESPE

- Apply 2-3 consecutive coats of
adhesive for 15 s with gentle agitation
using a fully saturated applicator.

- Gently air thin for 5 seconds to
evaporate solvent.

- Light-cure for 10 s.

XP Bond Dentply

- Wet all surfaces uniformly with XP
Bond.(avioid pooling)

- Leave surface undisturbed for 20 s
- Evaporate solvent by thoroughly
blowing with air from an air syninge
for at least 5 s.

- Light-cure for a minimum of 10 s.

After carrying out bonding procedures,

translucent polyvinylchloride microtubes (0.76

mm internal diameter and 2 mm high) were

placed on the bonded surface and nano
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ceramic composite resin (Ceram-X mono A2
shade; Dentsply DeTrey GmbH, Konstanz,
Germany) was used to fill the tubes and
light-cured for 40 s. Five microtubes were
bonded to each specimen. After removing
the tube blade, the

specimens(Fig 2.) were further subdivided into

using a No 11

two groups (54 specimens each) according to
post-aging conditions in order to test the

longevity of the repaired restoration.

Fig 2. Preparation of specimen for micro-shear
bond test
d. Post-repair aging procedures

Each group was treated as the following:
1) Immersion in deionized water at 37°C for
24 hours
2) Immersion in artificial saliva and
thermocycling for 5000 cycles between 5-55°C

with a dwell time of 30s.

e. Control Groups
The

specimens where composite filling was

positive control consisted of 2
immediately done on fresh base without
any aging procedure. For the negative
control, the aging procedure was done 2
specimens, and composite filling was done
without any surface roughening procedure

or bonding procedure.

f. Micro-Shear bond test

Following this post-repair aging
procedures, micro-shear bond test was
performed using a universal testing

machine (Fig3. / EZ test ; Shimadzu, Japan).
The specimen was fixed in a mounting jig
with a cyanoacrylate adhesive(Zapit, Dental
Ventures of America, Corona, CA) and a
wire loop (0.35 mm diameter) wound round
the cylinder at inter-material interface at
one end and to a load cell connected to
the computer at the other.(Fig4.) The bonds
were stressed in shear at a cross-head
speed of 0.5 mm/min until failure occurred.
The maximum load at failure was recorded
and converted to MPa stress by dividing
the failure load by the surface area of the

bonded surface

Fig 3. EZ test ; Shimadzu, Japan
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Fig 4. Specimen fixed in EZ test for micro-shear

bond test

g. Fracture mode examination

Fracture modes were examined under the
operating microscope( ) at a standard x 10
magpnification and digital photos( ) were
taken of the surfaces. The fracture modes
were categorized as cohesive within the
substrate or the repairing composite,
adhesive within the adhesive, or mixed

failure.

h. SEM Evaluation
The morphological change of the

specimens  after  surface  roughening
procedure was observed. After one of 6
surface

aforementioned roughening

procedures, the specimens were gold
sputtered and then examined using a
scanning electron microscopy (SEM; Hitachi
S-3000N).

standardized magnifications (100X, 1000X,

Micrographs were taken at

3000X, 5000X) in order to document the
surface texture created by the different

surface roughening procedures.

i. Statistical analysis

For statistical analysis one-way ANOVA
was performed using the SAS 9.1.2, with
significance set at the 95% probability level.
Bond strength data (MPa) were submitted
to one-way ANOVA. Multiple comparisons
were made with LSD test (=0.05) with the
six surface roughening methods, three
bonding procedures and two post-repair
aging procedures as the independent factors.
Statistical significance was set at p<0.05 in all

tests

I1l. Results
1. Micro-shear bond strength test

The mean micro-shear bond strength and
standard deviation associated with surface
roughening procedures are presented in
Table 3. Different

procedures had no significant effect on

surface  roughening

micro-shear bond strength between the old

and new resin.

Table 4 shows the effect of silane
treatment on the micro-shear bond
strength with respect to each surface

roughening procedure. For all roughening
procedures, the additional use of silane
didn't obtain any significant improvement
of micro-shear bond strength.

Table 5 displays the mean micro-shear
bond

strength and standard deviations
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associated with bonding procedures. The
group treated with Heliobond had the
highest repair bond strength, followed by
the group treated with XP bond, and the
group treated with AdperTM Single Bond 2
had the lowest repair bond strength.

Table 6 shows whether the post repair

aging procedure influences the micro-shear

bond strength for each bonding procedure.
In all three bonding procedures, there was
no statistically significant difference in
micro-shear bond strength whether the

post repair aging procedure was done o

Table 3. The mean micro-shear bond strength associated with surface roughening procedures

Surface roughening procedures Mean(Mpa) Std Dev(Mpa)
Aluminum oxide + silane 16.0 3.2
Aluminum oxide only 15.4 3.1
Co-jet + silane 16.2 3.1
Co-jet only 15.3 33
Bur grinding + silane 15.1 2.7
Bur grinding only 15.2 2.9
Positive Contol 19.5 3.9
Negative Contol 10.5 2.9

Table 4. The effect of silane treatment on the micro-shear bond strength with respect to each surface

roughening procedure
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Table 5. The mean micro-shear bond strength associated with bonding procedures

Bonding procedure Mean(Mpa) Std Dev(Mpa)
Heliobond 16.5 3.2
XP bond 15.5 2.9
AdperTM Single Bond 2 14.6 2.8
Positive Contol 19.5 3.9
Negative Contol 10.5 2.9

Table 6. Comparison of repair bond strength with or without post repair aging procedure according to

different bonding systems
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2. SEM evaluaton of the composite surface
according to surface roughening procedures
Fig 5 displays SEM view of the composite
surface  polishied with POGO. The
composite surface polished with POGO
revealed a smooth surface with some air
bubbles present.

Fig 6 displays SEM view of the composite
aging The
surface aging

procedure showed destruction of filler and

surface  after procedures.

composite after  the
resin matrix, and some small pores were
observed. micro fillers, which had been

exposed during the destruction process of

the resin matrix, were seen between the
large fillers.

Fig 7 displays SEM view of the composite
surface roughened with an extra fine —grit
diamond bur. The composite surface
roughened with an extra fine —grit diamond
bur resulted in irregular surface topography
of polymerized particles and a smear layer
and grooves were produced by the
diamond bur

Fig 9 displays SEM view of the composite
surface roughened with 50um aluminum
The surface

oxide particles. composite

roughened with 50um aluminum oxide
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particles resulted in a roughened, highly
irregular surface covered with abundant
sand particles on the substrate surfaces.

Fig 11 displays SEM view of the composite
surface roughened with Colet-Sand. The
composite surface roughened with Colet-
Sand showed a rough surface similar to
composite surface roughened with 50um
aluminum oxide particles, but had more
microretentive features.

Fig 8, Fig 10, and Fig 12 respectively
shows the SEM view after surface treatment
and silanization. Silanization did not cause
any morphological change in the retentive

pattern of the roughened surface.

Fig 5. SEM view of the composite surface
polished with POGO.
Fig 6. SEM view of the composite surface after

aging procedures.

Fig 7. SEM view of the composite surface
roughened with an extra fine —grit diamond bur.
Fig 8 SEM view of the composite surface

roughened with an extra fine —grit diamond bur

and treated with a silane coupling agent.

290, Tha T ! T T R iy

Fig 9. SEM view of the composite surface
roughened with 50um aluminum oxide particles.
Fig 10. SEM view of the composite surface
roughened with 50um aluminum oxide particles

and treated with a silane coupling agent.

Fig 11. SEM view of the composite surface
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roughened with CoJet-Sand.
Fig 12. SEM view of the composite surface
roughened with Colet-Sand and treated with a

silane coupling agent.

3. Fracture mode evaluation

Fig 13 shows distribution (percentage) of
failure mode according to surface
roughening procedures. And fig 14 shows
distribution (percentage) of failure mode
according to bonding systems. Adhesive
failures in the composite-repair interface
and mixed failures were the most frequently
observed. If a composite repair tends to
fracture cohesively, one can assume that
the approach selected was appropriate to
bear the occlusal loads. In the present study,
no predominately cohesive composite
failures were observed, irrespective of the
high bond

repaired groups.

strength values found in

= Mixed
Cohesive

® Adhesive

Fig 13. Distribution (percentage) of failure mode

according to surface roughening procedures

100%
80%
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u Mixed
40%
B l
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Cohesive
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AdperTM Single
Bond 2

Heliobond XP Bond

Fig 14. Distribution (percentage) of failure mode

according to bonding systems

IV. Discussion

Repairs are alternatives for correcting
some failures in composite restorations. For
a successful repair, an adequate bonding
interface between the existing resin and the
new one must be created. This interface
must provide bond strength similar to the
substrate

cohesive  strength  of the

composite.  With  such interface, the
possibility of failures at the composite-repaired
interface, such as fractures or microleakage, is
diminished. In the present study, several
composite repair  procedures  were
evaluated, and the microshear bond testing
was used. Recently, many micro bond tests
have been performed using the tensile
method(Sano et al, 1994). Unfortunately,
the 'micro-tensile bond test’, although an
effective method in terms of testing small
areas, is difficult to conduct and time

consuming because of specimen
preparation. Compared to the 'micro-tensile
bond test, trimming of the sample after the
bonding procedure is not necessary for the
micro-shear bond test. In addition,
preparing the specimens for this test is so
facile that multiple samples can easily be
made. Much criticism converges on the
large variation of shear bond test results
and clinical relevance(DeHoff et al, 1995;
Van Noort et al., 1989).

It has shown that the

been stress
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distributions in the tested interface is
uneven(DeHoff et al., 1995; Van Noort et al.,
1989). But, another advantage of the micro-
shear test is that the bonded interface of
small specimens has a better stress
distribution during loading, and this test
bond

strengths than those found in tests using

often results in higher apparent
large specimens. A wide variety of configurations
are used including wire loops, points and
knife edges to apply the shear force(Aida et
al, 1995; Chen et al., 1998; Lacy et al., 1988;
Soderholm, 1991; Stangel et al, 1987). In
the present study, wire loops of 0.2mm in
diameter were used. The use of a wire
loop rather than a knife edge for shear
bond tests is reported to reduce the stress
concentration magnitude adjacent to the
interface(DeHoff et al, 1995).And In order
to avoid extra axial shear forces and
torques, precise application of the rod at
the repaired interface is required.(Kullmann,
1988) As a result, to avoid bending forces
or torsion in this study, effort was made to
position the wire as close to the the
bonded interface as possible. Nonetheless,
micro-shear bond strength tests may cause
cohesive  fractures of the substrate.
Considering the limitations of shear test
due to uneven stress distributions, one
must acknowledge that the bond strengths
reported are nominal values and need
cautious interpretation. The use of bond
strength data based on static load-to-
should be

comparisons of relative effects of material

failure tests restricted to

properties,  material  microstructure,  and
treatment conditions that may enhance the
resistance to fracture(DeHoff et al., 1995).

Despite the fact that Miranda et
al(Miranda et al,, 1984) did not observe any
advantage in etching composite surfaces
with phosphoric acid, the surfaces in the
present study were etched before repair
debris and

grinding dust. Moreover, etching of the

because etching removes

tooth surface adjacent to an existing
restoration is often needed before repairing,
in order to attach the repair material to that
tooth surface as well.(Hannig et al., 2003)
When a restoration is repaired in an oral
cavity, it is likely that the restoration has been
humid

that water

aging for a long time in a
environment. This means
saturation of composite resin has been
reached and free radical activity has ended.
Absorbed water causes softening of the

matrix, microcrack formation, resin degradation

and debonding of the filler-matrix
interfaces.(Ferracane and Marker, 1992)
However, there is no consensus for the

regimens simulating the oral

aging
conditions. In the present study, At aging
and post-repair aging procedure, specimens
were stored in artificial saliva and
thermocycled for 5000 cycles between 5-55°C
with a dwell time of 30 s, as in other studies
dealing with bond strength between restorative
materials and dental hard tissues or repair
composites since this process simulates the
aging of dental restorations.(Dhuru and

Lloyd, 1986; Hannig et al., 2003; Hannig et
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al., 2005) Thermocycling is a combination of
hydrolytic and thermal degradation and a
simulate

method to temperature-related

breakdown by repeated sudden temperature
changes. The thermocycling regimens used in
reported studies differ with respect to the
number of cycles, temperature, and dwell
time. Cycling number from
100,(Crim and Garcia-Godoy, 1987) 500, (Li
et al, 2002) 1000,(Meiers and Young, 2001)
1500,(Li et al, 2002) 2000,(Nikaido et al.,
2002) 2500, (Frankenberger and Tay, 2005)
3000,(Aguilar et al., 2002) 5000,(Helvatjoglu-
Antoniades et al., 2004) 10000,(Burrow et al.,
1993) 15000,(Yang et al.,, 2005)

30000,(Miyazaki et al, 1998) and up to

50000(Inoue et al, 2005)

ranges

cycles. It is

estimated that approximately 10000
thermal cycles correspond to 1 year of
clinical function.(Gale and Darvell, 1999)

This estimate is based on the hypothesis
that such cycles might occur 20 to 50 times
a day,(Gale and Darvell, 1999) which makes
the 500-cycle regimen proposed by the ISO
(ISO TR 11450)
simulate the long-term challenges of bond
durability.(Gale and Darvell, 1999; Miyazaki
et al, 1998; Nikaido et al, 2002) Many

reports that used ISO protocol concluded

standard insufficient to

that thermocycling did not affect the bond
strength and microleakage of adhesive
systems.(Dos Santos et al, 2005; Gale and
Darvell, 1999; Li et al., 2002; Nikaido et al,,
2002) On the other hand, Miyazaki and
colleagues(Miyazaki et al, 1998) observed

that a regimen of 30,000 cycles was able to

decrease bond strength. This suggests that
thermocycling has a negative effect on the
restorative interface after a large number of
cycles. In the present study, in all three
bonding procedures, there was no
statistically significant difference in micro
shear bond strength whether post repair
aging procedure was performed or not. In
order to evaluate the longevity of repaired
composite fillings, the cycle number of
thermocycling should be increased in future
studies. The literature shows that there is a
wide range in temperature extremes in
thermocycling baths, such as 4-60°C,(Kidd
et al, 1978; Morley and Stockwell, 1977) 5-
55°C,(Nikaido et al, 2002; Sidhu and
Watson, 1998) 15-45°C,(Peterson et al., 1966)
5-45°C,(Li et al, 2002) and 5-60°C.(Miyazaki
et al,, 1998) Under normal drinking conditions,
it seems that temperatures at tooth surface
range from 15 to 45°C.(Peterson et al., 1966)
However, refrigerated food may be kept at
4°C(Li et al, 2002)

colleagues(Ernst et al, 2004) demonstrated

about Ernst and

that most of the alternating temperature
stresses(usually limited between 5 and 55°C)
cover the temperature range that actually
occurs in the oral cavity. Thermocycling
seems to be a valid in vitro method to
accelerate the aging of restorative materials.
However, reasoning for the choice of
temperature and timing conditions is rarely
given.(Gale and Darvell, 1999) The varied
number of cycles, temperatures, dwell time,
baths  hinder

study  results.

and intervals between

comparison  of  the
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Consequently, results obtained from
thermocycling are contradictory.(Dos Santos
et al, 2005; Price et al., 2003; Xirouchaki et
al, 1997) Thus, in an attempt to understand
the phenomena involved in the degradation
of resin-based restorative materials in vitro,
a standard

thermocycling regimen s

required to allow the comparison of
materials and procedures between reports.
The first focus of this study was to
of different

evaluate the effectiveness

adhesive systems for repairing aged
composites. Several previous studies have
recommended application of intermediate
materials to improve bond strength for
repairs.(Boyer et al, 1984a; Eli et al, 1988;
2002; Shahdad and

Kennedy, 1998; Turner and Meiers, 1993) In

Lastumaki et al,

a repair, there are opportunities for both

mechanical and  chemical  bonding.

Micromechanical interlocking of new
material into the surface roughness features
on old composite is certainly possible.
Three chemical mechanisms are possible as
well(Crumpler et al, 1989). In each case, an
adhesive layer is assumed to bridge the
interface from the old to new composite.
The mechanisms include formation of
bonds

system and the composite matrix, formation

chemical between the bonding
of chemical bonds between the bonding

system and surfaces of exposed filler
particles within both the old and new composite,
and micromechanical retention caused by
penetration of the monomer components to

microirregularities in the matrix. A bonding

agent is usually applied with the expectation
of penetration of monomers into roughened
composite surfaces, as well as production of a
surface unpolymerized layer after a short
period of light exposure.(Hisamatsu et al,
2002) The ability of monomers and solvent
systems to penetrate into the composite
surface depends on the chemical affinity of
materials and the degree of hydration of the
composites.

(Lastumaki et al, 2002; Teixeira et al, 2005) In
the present study, XP Bond group had
lower repair bond strength compared to
Heliobond group. This may be explained by
the fact that XP Bond has a priming
component that contains hydrophilic acidic
monomer, resulting in less chemical affinity
for composite resin, while Heliobond is
Although both XP
bond and single bond contain hydrophilic

relatively hydrophobic.

acidic resin monomer, XP bond had higher
repair bond strength compared to single
bond. This is probably due to the fact that
XP bond contains TCB resin. TCB resin is an
monomer  with

acidic  polymerizable

innovative features. Besides the two

methacrylate  groups terminating the
chemical structure, it also contains two
1994) The

formation of free carboxyl groups after

carboxyl  groups.(Dentsply,

water uptake may result in chemical

bonding between the new and aged
composite and thus higher repair bond
strengths in XP Bond group.

There wasn't any significant difference in

repair bond strength among different surface
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roughening procedures, but sandblasting with
50um aluminum oxide particles or Colet-
Sand provided a slight improvement in
repair bond strength compared to bur
grinding with a extra-fine grit diamond bur.
Sandblasting is a surface treatment that
cause 'micro’ retentive features while diamond
bur grinding yield ‘macro’ retentive features and
microretentive features. Without a bonding
system, greater bond strength is expected
from devices vyielding macro retentive
features.(Brosh et al., 1997) On the other
hand, with bonding agents, a better surface
wetting occurs by infiltration of the resin into
Thus, a

repair bond strength is

microscopic  surfaces. greater
improvement in
devices more
microretentive features.(Brosh et al, 1997,
Oztas et al, 2003a; Shahdad and Kennedy,
1998)

diamond burs causes irregular microscopic

expected  from causing

Moreover bur grinding with a
pattern by rotary instruments, leading to
scratch and tenacious smear layer and
resulting in lower bond
strength .(Shahdad and Kennedy, 1998)

CoJet-Sand +

repair

silane coupling agent
resulted in the highest mean repair bond
strength. Sandblasting with Colet-Sand +
silane coupling agent consists of air
abrasion with 30 um Aluminum oxide
particles that are modified with silica, which
leads to deposition of a mixture of alumina
and silica particles on the surface.(Ozcan,
2002) The surface is then coated with silane,
which makes the surface more reactive to

the methacrylate groups of the repair resin.

In the study by Frankenberger et
al,(Frankenberger et al, 2000) fatigue
resistance of the repaired resin after

utilization of silica coating or carbide burs
gave similar results, but Bouschilicher et
al(Bouschlicher et al.,, 1997) reported better
outcomes with utilization of the CoJet-Sand
compared to other repair methods. The fact
that the former study did not employ a
silane coupling agent could be the reason
for the impaired performance of this

surface treatment method since silane
application is a crucial step in silica coating.
Even though there wasn't any significant
difference in repair bond strength with or
without the use of silane in this study, we
could observe an increase in bond strength
with the utilization of silane.

Silanes are molecules with two functional
react with the

groups:silanol  groups

particles of resin and

group
methacrylate groups in the adhesive system.

inorganic filler
organofunctional reacts with the
Alumina or silica on the surface of the
substrate form strong enough chemical
bonds, covalent bridges, through its surface
hydroxyl groups with hydrolyzed silanol
groups of the silane. The methacrylate
y—-MPS

compound form covalent bonds with the

groups of the organosilane
resin when polymerized. Moreover, silane
also increases the wettability of the
adhesive system, allowing it to more easily
infiltrate into the irregularities. The use of
silane and adhesive systems also does not

necessitate the purchase of additional
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equipment in the dental practice, such as

chairside air abrasion devices, making
repairs cost-effective for the practitioners.
However, in this study, silanization slightly
improved the repair strength, but the

differences were not statistically significant.

V. Conclusions

Within the limitations of the present study,
the following conclusions were made;

1. Among the bonding procedure used in
the present study, the group treated with
Heliobond had the highest repair bond
strength, followed by the group treated
with XP bond, and the group treated with
AdperTM Single Bond 2 had the lowest
repair bond strength.
2. Among the surface roughening
procedures used in this study, the Colet-
Sand group had the highest repair bond
strength values, and the bur grinding group
had the lowest repair bond strength values.
But, the difference was not statistically
significant.

3. Silanization had no significant effect on
the composite repair bond strength.

4. After composite repair, in half groups
post repair aging procedure was performed
by immersing the specimen in artificial
saliva and thermocycling for 5000 cycles
between 5-55°C with a dwell time of 30s.
The post repair aging procedure didn't

cause any significant difference in repair

bond strength
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