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cHAE F ARdEd xAE gk=
AbgS dR Fbeta d EAE THA RS AFE Hope] e Qlof,
s 28 opefst Adotd HERA  ARAEE EZAES AR A
XA HEL AMLHATFH T A W8 syl Sltk(Goracci and Ferrari 2011).
dotd Azl Fol ZAE Aol wA=  ARASE EAES HEde Adold
Gl disto] AFtstlnh 37K EAE HEA, HAANMEE o] &stw, XH¥
GoAE FEABER F Y EAES ARFLE FAATT] 9%
Aoz gl 1) UC : rely-x Unicem,  TheFsh Al EEol = o
2)SB : Single Bond 2 + Rely X Ultimate, 3)  ©]5AMHE2] g HAzA}E  oleTEH
OS : One-step + Duo-link, 4) XB : XP-Bond +  dFAWES] ZF3lo] 7} Algd
Self-cure activator + Core X Flow, 5) SU : Sl+= ®WPHOo =2 AJi¥ 3 §lor}, o]zsth
Single Bond Universal + Rely X Ultimate, 6) W2 7|&4d WALE7 £ S0l
AU : All-Bond Universal + Duo-link, 7) PE :  3lth(Dietschi et al. 2008).
Prime & Bond Elect + Self-cure activator + wEk  E4Y AYHdS ERSH,
Core X Flow. Z} Ad o] wag} TAE 7«4 WA s 337 gste] 11439
A2S A 3E 5 push-out bond strengths % ZA]| AElo] 7= AT o] & gt
=As 1 AFAAE FE-SEMCS 2  H&s29 Hastes AESE ZAE

=
B 5o o3 o AE Auh oF7]gk 4= QltH(De Munck et al. 2005; Tay
ZHE A EE 22 =49 #duk;  and Pashley 2003).MF2 AR whEEA Q)

>AU > 0S > UC > XB. FE- A7t d  dxde A ER]  tertiary
SEM BAeldi Agdmele] Ande  amineste] 4gd9) WAlo] i(Schitdy et al
VA ekttt olgfst Ad AE 2010). ol HY dRAINEE AMSSHE
&3l WHE Aok HERAVE ZAE ARASE ZAES] HEAAAE fFAFSE

Aol f83e AT 5 Yglek A7F e 4 9T Pleifer 52
*FQ ol WHE Aok HzALA (Pfeifer et al. 2003) FF7} A|st= =,



MR EREQ] AE glo] olud
Ay BAL dS FEgd
vt stlth 53 ADWOE B4,
)FFHY  AWAMEY  FFe
YEh ABE  FAHA  FH)
EG el @yl ol olu
tasty ARAARY Aol
Nedse  mAEQ e wA:
Qepel T ATANE WS thrsl

L a1 Q) th Radovic 5+ (Radovic et al.
2008) A7FEEE  HIAHMEE o] &3t
AFdsty EAEQ 7] 29
HqaA e AR S Qb
Mazzoni %< (Mazzoni et al. 2009) Al
EAES A Aotde] st
A e  vludy Ay, AAY
H2HA 2k olFTTEH A E 2

2 %ol

o
T3k

o TT “o o1

HAAA| "o wel 7 ATt ¢S
e T e € 7 A

7] ashe HRA A

H2A] (universal  dentin  adhesive) 7}
2E AT HEAerd H2R A= 1A
AL 7H- 23 A 2k 2 §Hk2 o]
FrAFSEA| T, 2TAE EUOEHN,
Uy4de S7HAHECeH,  fd AR
HRogw AHLol 7F53 ‘multi-mode’
AAA oty ol X ZE7A] Aol
A&A7E B e BFoA Hekd
207, 7]1F Bis-GMA Ao highly
cross-linking monomerZ 3 7}slo], g
ol AFAES EHdo=EA, FIEFQ
278 AFRERY =¥ degls

1A AHAze Abgo] Thssish

aEy olgs A 3
S/t s ARAEE FEAA F 8l
e, AFds 7HAEA %
st Vs @A Abge]l F Qs
H3ltt. MDP+= 719 7l @A 5
7HE aidol v g A ok 3
FAERRIB| A o] Zhpo] 23 o] 2 A g e,
QFY Q1 MDP-Ca saltsE AT O =AM,
719 7l wEAsERY AT
s¥o] 43ttt (Yoshida et al. 2012).
MDP¢2} highly cross-linking monomer2]
AHEo R ARAEE FEATIHEAE,
7ol Q= Aol 7hsehAl w3t
HEMA =3 A2l AHA 9
FHazped o, pH HEF E2
a4 A Ak ol EHow,
8 olye} MR R o] &3
53] olesd X
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Ay FAeIbA A AR
st AaTx T d@dE 7HAH, ™
2ot 35745 AH ATt (KHD IRB 1303-
4). Aol  ATWE  hand  scalers
AREEte] AxAE AAT FHel, 1%
chloramine T & 7} 4°ColA
Hastloy, 7 Hop= W FA

Aol A#s AASAT Ee X
Zel7k 14 mm o]l XS
AHEEFSIEE. °]F  push-out AT E
S4= $13}o 217, A A AL
TFAPAAE N E S et HRAW BES
skl 1479 Hots AEsTh 7t
Aok A A3 dd EAEQ

H2bel] AREE HAA LTS VFEoR §

&
“
= AN = AT et
A

A HES] A2l

2-step  etch-and-rinse

goka A FA G
AAA 3%S  Agdgon, ¥
AzAke oFFHY AWANES

AHE-3H T Bl

AN HUE 15S

EARES A A R 2
2°]  X-Post  (DentsplyDeTrey
Konstanz, Germany) =

A7+ 28
AHE-SEGlTE (Table 1).

—— !

Abgae,

AT AFAsd g9 XAEQ

Table 1. The materials and application procedures used in the study

Ao AFEE HRA|AEIS
Ferglen, vt Tt (Table 2).

Adhesive system | Adhesive

Composition

(Manufacturer) | strategy Dentin Pretreatment, Luting agent application

Paste A: glass powder; silica; calciumhydroxide; substitute
pyrimidine; peroxy compound;
Paste B: methacrylated phosphoric ester; dimethacrylate;

pigment; initiator

stabilizer, initiator

Rely-X Unicem Self-etch | 1 Rinse with water. Dry by blowing with an air syringe and with
(3M ESPE) paper point.
2. Begin apically in the root canal and dispense cement. Seat the
post immediately. Apply moderate pressure while removing excess
with appropriate instruments or a cotton pellet.
3. Light cure cement for 40 s
Adhesive: dimethacrylates; HEMA; polyalkenoid acid
. copolymer; colloidal silica; ethanol; water; photoinitiator
Single Bond 2
. Etch- Cement
Rely X Ultimate . . . .
and-rinse | Base paste: Methacrylate monomers,; radiopaque, silanated fillers;
(3M ESPE)

initiator components; stabilizers;

rheological additives

Catalyst paste: Methacrylate monomers; radiopaque alkaline

o], 3F WHE

A~EQl sjze

GmbH,

V|0 %




(basic) fillers; initiator components,; stabilizers; pigments;
rheological additives; fluorescence dye; dark cure activator for
ScotchbondUniversal adhesive

1. Apply total etch (37% phosphoric acid) for 15 s. Rinse with
water and dry with paper points.

2. Apply the adhesive to the root canal, leave it in place for 20 s.
Remove excess adhesive with paper points. Dry with gentle
airflow. Light cure for 20 s.

3. Begin apically in the root canal and dispense cement. Seat the
post immediately. Apply moderate pressure while removing excess
with appropriate instruments or a cotton pellet.

4. Light cure cement for 40 s

One-step
Duo-link
(Bisco)

Etch-
and-rinse

Adhesive: BPDM; Bis-GMA; HEMA, acetone; photo-
initiator
Cement
Base paste: Bis-GMA,; triethyleneglycoldimethacrylate; urethane
dimethacrylate; glass filler
Catalyst paste: Bis-GMA triethyleneglycol; dimethacrylate; glass
filler

1. Apply total etch (37% phosphoric acid) for 15 s. Rinse with
water and dry with paper points.

2. Apply the adhesive to the root canal, leave it in place for 20 s.
Remove excess adhesive with paper points. Dry with gentle
airflow. Light cure for 20 s.

3. Fill Duo-link and inject it in the canal. Start at the apical end of
the canal and withdraw the tip towards the pulp chamber. Or, use
the dual-syringe root canal mixing tip. Seat the post into the canal
gently and maintain firm pressure for 5-10 seconds once the post is
seated.

4. Remove excess cement and light cure for 40 seconds




Adhesive: PENTA; TCB; HEMA; TEGDMA; UDMA,; tert-
butanol, nanofiller; CQ; stabilizer
Self-cure activator: Mono- and Di-methacrylate Resins; Catalyst;
Photoinitiators; Stabilizers; Acetone; Water
Cement: Polyfunctional methacrylate resin based on polysiloxane;
Highly dispersed silicone dioxide; 2-Butanylethyl-4
dimethylamino benzoate; Phosphine oxide photoinitiator;
Camphorquinone, Butylated hydroxytoluene; UV stabilizer;

XP Bond
Self-cure Silanated barium-alumino-boro-silicate glass; Titanium dioxide
activator Etc_h- pigment
and-rinse
Core X Flow 1. Apply total etch (37% phosphoric acid) for 15 s. Rinse with
(DentsplyDeTrey) water and dry with paper points.
2. Mix one drop each of XP Bond and Self-cure activator. Apply
the mixture to the root canal, leave it in place for 20 s. Remove
excess adhesive with paper points. Dry with gentle airflow.
3. Begin apically in the root canal and dispense cement. Seat the
post immediately. Apply moderate pressure while removing excess
with appropriate instruments or a cotton pellet.
4. Light cure cement for 40 s
Adhesive: methacryloyloxydecyl dihydrogen phosphate;
phosphate monomer; dimethacrylate resins; hydroxyethyl
methacrylate; methacrylate-modified polyalkenoic acid
copolymer; filler; ethanol,; water; initiators; silane
Single Bond Cement
Universal Self-etch Base paste: Methacrylate monomers; Radiopaque; silanated fillers;
Rely X Ultimate Initiator components,;Stabilizers; Rheological additives
(3M ESPE) Catalyst paste: Methacrylate monomers,; Radiopaque alkaline

(basic) fillers; Initiator components; Stabilizers; Pigments;
Rheological additives; Fluorescence dye; Dark cure activator for
Scotchbond
Universal adhesive




1. Apply the adhesive to the root canal, leave it in place for 20 s.
Remove excess adhesive with paper points. Dry with gentle
airflow. Light cure for 20 s.

2. Begin apically in the root canal and dispense cement. Seat the
post immediately. Apply moderate pressure while removing excess
with appropriate instruments or a cotton pellet.

3. Light cure cement for 40 s

Ashesive: BisGMA; MDP; HEMA; Ethanol; Water; Initiators
Cement
Base paste: Bis-GMA triethyleneglycoldimethacrylate urethane
dimethacrylate; glass filler
Catalyst paste: Bis-GMA triethyleneglycoldimethacrylate; glass
filler

1. Apply total etch (37% phosphoric acid) for 15 s. Rinse with

All-Bond . :
Universal Etch- Wa'ter and dry with paper p0|n'ts..
) ) 2. Apply the adhesive to the root canal, leave it in place for 20 s.
Duo-link and-rinse i ) _ _
(Bisco) Remove excess afjheswe V.Vlth paper points. Dry with gentle
airflow. Light cure for 20 s.
3. Fill Duo-link and inject it in the canal. Start at the apical end of
the canal and withdraw the tip towards the pulp chamber. Or, use
the dual-syringe root canal mixing tip. Seat the post into the canal
gently and maintain firm pressure for 5-10 seconds once the post is
seated.
4. Remove excess cement and light cure for 40 seconds
Adhesive: Mono-, di- and trimethacrylate resins; PENTA
(dipentaerythritolpenta acrylate monophosphate); Diketone;
Organic phosphine oxide; Stabilizers; Cetylaminehydrofluoride;
Prime&Bond Acetone; Water
Elect Self-cure activator: : Mono- and Di-methacrylate Resins; Catalyst;
Self-cure Self-stch Photoinitiators; Stabilizers; Acetone; Water
activator Cement: Polyfunctional methacrylate resin based on polysiloxane;
Core X Flow Highly dispersed silicone dioxide; 2-Butanylethyl-4
(DentsplyDeTrey) dimethylamino benzoate; Phosphine oxide photoinitiator;

Camphorquinone, Butylated hydroxytoluene; UV stabilizer;
Silanated barium-alumino-boro-silicate glass; Titanium dioxide
pigment




1. Mix one drop each of Prime&Bond Elect and Self-cure
activator. Apply the mixture to the root canal, leave it in place for
20 s. Remove excess adhesive with paper points. Dry with gentle

airflow. Light cure for 20 s.

2. Begin apically in the root canal and dispense cement. Seat the
post immediately. Apply moderate pressure while removing excess
with appropriate instruments or a cotton pellet.

3. Light cure cement for 40 s

Table 2. Experimental group and adhesive systems

Self-adhesive cement ( .
uc Rely-X Unicem
group
B | ( Single Bond 2
\ Rely X Ultimate
2-step etch-and-rinse adhesive f 0S ) f One-step
and dual-cure resin cement gro Duo-link
up ) L
) — ( XP Bond
XB Self-cure activator
L Core X Flow )
su Single Bond Universal
Rely X Ultimate
Universal adhesive and AU All-Bond Universal
dual-cure resin cement group Duo-link
[ Prime&BondElect |
PE Self-cure activator
L Core X Flow )
XA 2 o] AH-26 sealer (Dentsply DeTrey,
AN ——
Konstanz, Germany)E SFAl =33}
Aok webHFAA ReelM A

s AAZATA st -, system B (Analytic
St d7dS  Technology, Redmond, WA, U.S.A)2} Obtura-
Alggstdon, 3G X ZIEo|A Imm I (Obtura/Spartan, Fenton, U.S.A)E
e APor AHASFe], 25% sodium  ©]&3}o], continuous wave technique® =
hypochlorite A2 &l]l, Gates-Glidden drills ¥ FAsAY. 2HAFTH 5 AHS
#2-#4 (Maillefer, Ballaigues, Switzerland), 24A1%F &<t B AT Al AL A
Profile #25 04, #30 04 (Dentsply DeTrey, A&+ #2 drill(Dentsply DeTrey, Konstanz,
Konstanz, Germany)= =2A 02 Germany)= ©]8€3Fo] 9mm Zlo]e] EXEAE
AREERGlTE o] &, F#e] FHAE fd FEAS At ZAE FHE
AL 2o Fdy e 379 gutta-  25% sodium hypochlorite® Al 23 H,
perchas A €3lth. Gutta-percha®]  #lo]x  MQIERZ AT o]F,

d
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v gl 3lo], elongation
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2o FARE % A SolgalwA
Fskeler. FFA= Bluephase  20i
(IvoclarVivadent AG, Schann, Liechtenstein)=
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Push-out 2373 % =34

=
EAEZE AFE BE AT ALl
el 24ARF S Bl
Ak fste 7 Id e ATS
ARSI (B 217, A¥ed AlE 11

1671). 7} A 1159 diamond wheel
saw (Buehler Ltd., Lake Bluff, IL, U.S.A)E

olgatel, A  FFel FHo=
Jade de F YA=S AdANT

Al A= 1mmz &to, 119 AT
3-47112] dA-E A &st o

A3s fs) A&t jigel universal testing
machine (EZ test, Shimadzu Co., Kyoto,
Japan)< ©]8-3F% T} Push-out testA], 1mm
2739 plungers EAEo|u HEA]7] 1,

0.5mm/ming] &5 % 35S 7Fsk o4

APEE 22 Al Adn 5
BAWAoR el Ausdrh 7

AR FHA(S)S
SL=n(R +n)[h? + (R - N?°3
F4E olgatel Axstgon, r

14, h= AJHE] FZ(mm), RS X AE ]

W 1o

A#s $99 AP(mm), re EAE
2us 2 AFZmmE St
A}g3hg T

10

AAP FARART S 8

FARAAGAN G BRS g EAES
AR AT 74 T A% (3 W)

i g stitt. xop A
Al A zrekdth, Al AlHd 2 g3 E
$£]&}o1, Uni-etch (Bisco Inc., Schaumburg, 1L,
USA)E 5xZF A2 gt FHel, 5%
NaOCl &) 57t P73l

o &, Zt A9 A FHell, AALA
FAPAAEn| 7 (S-4700;  Hitachi  High
Technologies Co., Tokyo, Japan)atoll A Z}

oA AMHFEAE HHAHE U

AT ok e AWE gl
SAEH

7zt 9 push-out AFFE e

EAEA ZF 73l SPSS 21 (SPSS Inc.,
Chicago, IL, USA)°l A Kruskal-Wallis Test-=
o]-&stof, vl A SR, AAFH A=

Tukey testE ©] 833t} (a= 0.05).
Ad 29

Push-out 2373 %

k& Push-
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fin)
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e ool (p>0.05). T3
HEdobd  HRAE  AREst APL
(SUAUPET)S AdAE U2 4
A ZA 2] 2-step  etch-and-rinse  ArolA

T (SB,0S,XB) 3}
gkol A AY

Table 3. Push-out Bond Strengthand standard deviation

Classification Group Push-out Bond Strength (MPa)
Self-adhesive resin cement ucC 3.90+1.41%
. . SB 8.29+1.75%
2-step etch-and-rinse adhesive ood
i oS 4,29+2.19°¢
Dual cure resin cement
XB 2.84+2.33¢
) . . SU 7.51+2.312
Universal dentin adhesive -
i AU 5.74+2.31%°
Dual cure resin cement
PE 6.66+2.69
*same superscript means no statistical significant difference
_ _ F AT, SUTH FAFS 30 7133
AL FAAARE A o L SO A A e
EAEske] ko] #AHAL XBIS
- 2 3= 5 J
qaAme] (Fig. 4) & AT S ws|A vl
Ze  resin taget X EAtolA I
e AgrolA A Aopdy d#Hzxl FRAWEAAS k5o AR HL
AHES  Apolol A EdHAH el 7HFo]  AUTY A (Figh5), vl S resin
DAFAT 2y AR A EAESL tagst HERAWCA Y =S #AFE
X0 AHE Afolof M o] k=2 =EQT Y 0Sw > (Fig. 6) "8 <Hgt resin tags}
A 2EPE HYE W resingg EAEFS UERE ZHog® Holx|wh
tag7bd 2= #) ggtow, 2k ES XA obd I HIAIWESEe]  HAAW
His] AEEd b AT /e =S #AEE Ut ucT Y
AzAEe #F 4A¥, susek SBe A9 (Fig. 7), resin tag®] #HES
A%Figs. 12), A 288 ¥AES  oHgA, ATAobdw fANET}
Az AME, 283 XZAotd ke 7IdEte] (52 AA AL
7hd sk gzfo] o] Fojxl Zlow
AZERo, sU#e AS, =EEA A Fig 1. FE-SEM image of SU group. Image
Z3d EAEQ HAAHE  Alo]e|A  shows adequate adaptation in most of the bond
5~10um 7} F=o] A EIG interface but depicted gaps between resin
PET2] A% (Fig. 3)olx, XZAtoba 3 cement and fiber post.
A HE Ato]e] st Has AEd

11




Fig 2. FE-SEM image of SB group. A close
contact between luting cement and root canal
walls are observed.

m————

Fig 3. FE-SEM image of PE group. Image

12

shows adequate adaptation in most of the bond
interface but depicts gaps between resin cement
and fiber post.

L 1 I
100um
—

] I" Lt I PR
30.0um

Fig 4. FE-SEM image of XB group. Shallow
resin tags are observed.
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Fig 5. FE-SEM image of AU group. Gaps in the
hybrid layer and shallow resin tags are
observed.

- | R BRI O . T 0 R Bl |
30.0um

Fig 6. FE-SEM image of OS group. Long and
uniformly formed resin tags are visible but a

gap in the hybrid layer is clearly visible.
e | 7

13

|.||||'||||||
30.0um

Fig 7. FE-SEM image of UC group. Even
though the self-adhesive luting cements are
unable to produce a hybrid layer, good
adaptation in most of the cement/dentine
interfaces has been observed.
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vlaskaak  sklvk 7}

B A 2258
ARAE e 44

BAE Ao, Af
Zol  AHgE

Aol 7k Q&

&

=]
S
RS

AES A$ X-Post

(Dentsply ~ DeTrey ~ GmbH,  Konstanz,
Germany) s AFESFITEH 1 olfE
T AR AFHBEAEY FEet =4S
H7bs] K ES ul, Rely-X Fiber Post (3M
ESPE, St Paul, MN, USA)2} DT Light Post
(RTD Grenoble, France), 12]1 ¥ 213 o
AFE-3F  X-Post (Dentsply DeTrey GmbH,
Konstanz,  Germany)”7} A9
23l oA CFgEe] ApolE HolE
2 A L3l EF double tapers 7H2
epoxy resin matrix®] A|F % FL3ISl7]
ol ml, EAEQS] Zlolo] uhE

Hj A 8}7] 9 ghol o
A A3d w1d
G R Eale IS

IrE

==
LT =

XrES A
ol dH |
| W E ¢} 9] AR EAA
(Radovic et al. 2008). o]&] st UX d 2-A|

o

o2 Qo
£ 2

>

ZheE

(2-step etch-and-rinse, 1-step self-etching
adhesive)e] wFgE  AHAE WA
olFF g HXAHWEZS tertiary amine©]

whsatel FRARES] B S
oF7]3tt} (Suh et al. 2003). AW E 2]
FA o= HAAEAA B %7
T b7 I, BATES fketod
Al el d&Fe k. Sanares
5+ (Sanares et al. 2001) 2-step etch-and-
rinse AL AT EE A
nAE AdAd e el olgt

-

7]

S

I o3t i ofN

= o
S4<

14

E% 13 O i=] 1l

Nees  FEIAT Aopd A=A )
olFTTHH R ) AFA =+,
2 2A 8 pHZLo] stol 3 o 2}
sk B A9 push-out A E
S0, SBIe] AFAETF 7 =
velykow, SU, AU, PE#E  o]g)

TAACE  FYAIE fldTh XBi 9
AR A= 7 sekem, UC 9 OS>
ole} a7t ST XBurolA ARE-H
XP Bond¢] pH7} 2.1 o]&tel A} =&
A7t w5 YeR= SB+9 Single Bond
2 7F pH”7} 3.6, SU+9] Single Bond
Universal®] pH”7} 2.7, AUT2 All-Bond
universal®] pH7} 3.2 <l ol gk
Aael o= AR
Holm, HAA|C] pHE
At Aol ot

& AATE 1YY 0STe
One-step®] pHZkol 4.6 Q1 %
© AdAdne] AFLE Blolv=
e ITE. ol st A
gujel  zfole] &g Ao=
Acetone=  &MlE Sk HAAE
dotA e zlojsgl Agtel gk vIZHF 0|

=50] BaEo] Qlt} (Giannini et al. 2001).

wheba] ol Y)EA mAA I e
wirAA e A B AT XA
Ak gate]l AlEA Esglar, o]
et EFEshE AN ASFEEAE]
HFpo] o] Fo]xA] ke Row AZEn}
oebd A AstE FAE HFH|
el acetones GmiE T AHAAIAE
ARG Al AAEE FeE 7]Eoler
ZAoZ Aztdct =g, XBwe B¢
gz AMEEE butanold}  EF9|
AETVIEE s SUHA 5ol
Baug wp Qlth 58], olgfsh #Ad2



AZE 13 FooA "L FHsHA
vetd & edl, ol HERAS
s 9 ASE 13 FH9
HAasol  HEsA FAYAY]  fda,

el el fA4 971 wioltt (Faria
e Silva et al. 2007). & <AT-olA FHo|H
A 4EHFE olg AXNAL
ANyt eel s, AAAY gulst 8

S ©°
SHEA s Qv ol2Et
Q ol =] o

XB+-2]
AAAHS 7K

push-out
o=

i

s}

ox i F
AN O
i, o

A EAEY]

L1 A,

o) 7F 5 7}
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e

AL FEEY AEFE e
Z1Zolal Al TS Fa At
o]Z o1& ceramic £ #H FHEO]

o]

Aopal el FH ARz AEE
21Tt (Batson et al. 2014; Fernandes da
Cunha et al. 2017; Sulaiman et al. 2015)
g AR FEEY Ae 27
A AgHez  we  ug
o= Qe ARGEI AR -,

dE, Adae] AR ety
Fuzol wel B o] gov
a2 Qs AWA g el
QTHE A% Adue  Argol

Z7}3kar Qlt}. (Fron Chabouis et al. 2013;
Morimoto et al. 2016)

Aze] FERES AHEY 7)E
feldspathic type, Leucite-reinforced type,
lithium disilicate type, zirconia type &

gekd Fek Qe 7t ARs
2IYE FE, AV, 2HY 5ol
tepatel  Qlgeld] obAzkA ol
A4 et 2% Agdn

(Trindade et al. 2016a; Trindade et al. 2016b)
7 HZel A7l zirconia & AT
o AEE QS ARgo]l FrbeRaL
glout Aujge] Molq HAFel M
71 AFgo] AsHE a1 Qlt}. (Heffernan et
al. 2002; Kumagai et al. 2013)

Zirconia ¢} 72o]
BE7F S el whet
TFHEANN ToAHd
Tl HAistn
Dd7FEel Aol semi-
adhesive =2 non-adhesive type 2]
A EE AREStaL Atk (Ahn et al
2015; Yi et al. 2015) Self-adhesive resin
cement(SARC)= Al  functional
monomer & $Hrotal o =7 A%
7bA A7 ARR2ALA 9}

At A
71ES] Alety
AQ} 72
S’J\E‘ﬂ )l o

Aol @

ol AER  AopWe R
Hao]  odold 5 glo] e
Aol eFEA  gowA
dAARES] S BAL AL

Rl 1 ARG-o] F7bskal Uth. (Roedel
et al. 2016; Vrochari et al. 2010; Zorzin et al.
2012)

aHy olyst  HgLdEE A
g7 A E o] functional monomer 7}
St HAAHEE I3 S

ZA | el TG o] Fiol
@i EASE AR e

s A S Thsdol FUhstth
(Vrochari et al. 2010) Park s©] W33t
=olA SARC = 7]&¢] conventional
resin cement(CRC)®ll H]3l| #|&eol ws

Fole QAW F¥ NEEA Eol
SR EU B, BA SR
AR Fobse opyel wEEn
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5}95113}. (Park and Ferracane 2014) ©] ]
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43t AlHe RIE A
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ByaetdA wid FAE SAske] o
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o] o] AHEZE 37°C
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el FAE =45k ?%
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mm o ¢FrjE AF E5= 7ot
FH 2 mm o Aﬂﬂ‘r“‘ = A FoE
A7 8 mm, ¥=°] 2 mm =
ESEA RS Se= 1Pz lomm Wd 8 mm,
—r’fﬂ 1 mm, =°] 2 mm 9] Agtd] F=
Empress (Ilvoclar/Vivadent, Schaan,
Liechtenstein), e.Max (Ivoclar/Vivadent) <}
Zirkonzahn (Zirkonzahn GmbH, Gais,

Italy) &= A28}t (n=8).
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Crack = A3 AzAre] Aol wheh §HEerivh e
Az zF oA "ge oy 7z A AR ARIE: ofy x 1
SARC ¢ 717 CRC & o]g3te] ETh
Table 1. Self-adhesive and conventional resin cements used in this experiment.
Materials  composition Manufacturer
RelyX Paste A: BisSGMA, TEGDMA, 68% by weight 3M ESPE, St
U200 zirconia/silica filler, pigments, amine and Paul, MN,
photoinitiator system. USA
Paste B: 67% by weight zirconia/silica filler,
benzoyl peroxide
Maxcem Resin matrix: GPDM, co-monomers (mono-, Kerr, Orange,
Elite di-, and tri-functional methacrylate monomers), CA, USA
proprietary self-curing redox activator,
photoinitiator CQ, stabilizer
Filler load 67%wt: fluoroaluminiosilicate glass,
fumed silica, barium glass, ytterbium fluoride
G-Cem Paste A: Fluoroalumino silicate glass, Initiator, Urethane GC Corp,
link Ace dimethacrylate (UDMA), Dimethacrylate, Pigment, Tokyo, Japan

Silicon dioxide, Inhibitor
Paste B: Silicon dioxide, UDMA, Dimethacrylate, Initiator,
Inhibitor
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Smartcem  Base:UDMA, di- and tri- methacrylate resin, phosphoric Dentsply
2 acid acrylate resin, polymerizable dimethacrylate resin, DeTrey,
barium boron fluoroaluminosilicate glass, 95.8% glass filler ~ Konstanz,
(3.8 um) and 4.2% aerosol (16 nm), 69% filler weight (46 Germany
vol.%), titanium dioxide, iron oxide, hydrophobic
amorphous silicon dioxide
Catalyst: Barium boron fluoroaluminosilicate glass,
UDMA, dipentaerythritol pentaacrylate phosphate,
polymerizable dimethacrylate resin, organic peroxide
initiator, camphoroquinone, phosphene oxide photoinitiator,
BHT
Calibra Base:barium boron fluoroalumino silicate glass, bis-GMA, Dentsply
polymerizable dimethacrylate resin, hydrophobic amorphous DeTrey,
fumed silica, titanium dioxide, other colorants are inorganic ~ Konstanz,
iron oxide Germany

Catalyst: barium boron, fluoroalumino silicate glass, bis-
GMA, polymerizable dimethacrylate resin, hydrophobic
amorphous fumed silica, titanium dioxide, benzoyl peroxide

UDMA - urethan dimethacrylate

GPDM - glycerol dimethacrylate dihydrogen phosphate
CQ - camphorquinone

TEGDMA - triethylenglycol dimethacrylate

comparison test (0=0.05)%
Al et g ZAFEE AEE 2AME93 crackd] wAS
37°C=%0]  BastdA 24 AIXF exact and  log-rank  testE

HAOSE crack & WA FHFE v 0 BAMZ Az oT ZASAC

(X40, Pico, Carl Zeiss, Oberkochen,
Germany) ©. % &Qldlo] 7] &35}t %31]_
7t ARES] R FFng
B2 a1 =

L A wA C gees @ 2o Welal
FE e s fdlxE Aye

one-way ANOVA<S} Tukey’s multiple

Table 2. The results of the water sorption and solubility(xzg/mm?) of each cements.

Water sorption Water solubility
Cement N " —
Mean=SD p-value MeanzSD p-value

Rely X U200 6 19.68+1.742 <0.001 2.89+1.56% <0.001

Maxcem 6  52.73t162° 16.94+3.64¢

Elite

Geem Link 6 554441940 5.74+1.88%

Ace

Smartcem 2 6 46.55+1.10° 8.05+1.68"

Calibra 5 22.39+1.78% 10.85+1.39°

The same superscriptin the same row means that they are not statistically different.
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CRC<?! Calibra®tSARC?] RelyX U200, =2 & 23T E HATE Empresset
G-cem Link AceollA 7FF & £E EMaxA|HY AS 25 xHyasE Zok
ErrE HYowH o]  ZFoA WIS crack?] WIEE ol 1Y 29
Calibra= ©H& + 7FA] AlWlEe] nvls]  Zto}
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Figure 2. Number of crack initiated specimens for each ceramic materials with different
cements.
Zirkonzahn did not show any crack during the experimental period.

gl A ARelN  AME
k)

E5o] wWE crack o WS FHAD

A¥= ol@) Table3, 4 3

-

Table 3. Incidence of crack in Empress ceramic. The effect of cement was not significant
statistically.

Crack

Cement Total p-value”
Yes No

Rely X U200 8(100.0) 6(75.0) 2(25.0) 0.374
MaxcemElite 8(100.0) 7(87.5) 1(12.5)

G-cem  Link

Ace 8(100.0) 5(62.5) 3(37.5)

Smartcem 2 8(100.0) 6(75.0) 2(25.0)

Calibra 8(100.0) 3(37.5) 5(62.5)

Table 4. Incidence of crack in E.Max ceramic. The effect of cements were not significant
statistically.
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Crack

Cement Total p-value”
Yes No
Rely X U200 8(100.0) 4(50.0) 4(50.0) 0.949
Maxcem Elite 8(100.0) 5(62.5) 3(37.5)
ic‘;em Link 8(100.0) 4(50.0) 4(50.0)
Smartcem 2 8(100.0) 5(62.5) 3(37.5)
Calibra 8(100.0) 3(37.5) 5(62.5)

Empress ¢ E.Max &5 AJHEQ]
w2 crack 2o FAA Aol=

JERGA ekt

Crack ©] 9rA13F A|7FS B X3 Ayle=
% 33 P
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Survival function of Empress
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Figure 3. Survival curve of the Empress and E.Max ceramics specimens stored in water for
14 days. Crack was found after 7 days.
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FHAHEL gloen olF FI Ay
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1999; Mak et al. 1997)F < 17 %9
Aetd]l FEAQl A =ZF Yo7l &A7E
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AREE FHek ok ey ARES
HeA el wep EFst HE2A o
Q% XA HME Al
A7F 2 9 AHE ] ARg-o]
< 7Fskal Ut} (Ahn et al. 2015)
53X, =2 43 AME, A3
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ZElA ololown AWME RE SR

et &8 Lo

&2 Qlth.(Gerdolle et al. 2008; Liu et al.

2011; Mese et al. 2008; Yoshida et al. 1998)
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and Ferracane 2014)
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Introduction

Dentists  often  confront  clinically
challenging cases such as deeply fractured
or irreparably damaged teeth by trauma,
extensive caries and poor restoration which
are difficult to rehabilitate. In those cases,
restoration without considering biological
width and crown ferrule results in chain of
periodontal and prosthetic  collapses.
Biologic width is a physiologically formed
and stable vertical dimension of the
dentogingival junction that comprised the
sulcus depth, junctional epithelium and
connective tissue attachment above osseous
crest(Gargiulo AWet al. 1961). Than et al
found that there was a greater mean loss of
connective tissue attachment adjacent to
surfaces with a dental restorationwhen the

biologic width was violated by dental
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restorations(Than et al. 1982).A minimum
of 3.0 mm is required from the restorative
margin to the alveolar crest to preserve the
biologic width andto permit adequate
healing and restoration of the tooth(Ingber
etal. 1977).

Reestablishing biological width and
crown ferrule can be achieved in several
ways, including surgical extrusion, crown
and orthodontic extrusion
2003;

Pitts

lengthening,
al. and
2007;

these

et Kirzioglu

and Natkin

(Felippe
Karayilmaz
1983).Among

orthodontic extrusion has advantageous of

treatment  options,

its non-invasiveness, low incidence of

relapse and root resorption, and good
esthetic outcome(Ingber, 1974).0Orthodontic
brackets, bonded fixed wire and hook, and
removable appliances that incorporate tissue

support have been suggested for orthodontic
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extrusion(Uddin M, 2006). In this case
report, we presents a multidisciplinary
teeth  with

width

management of multiple

compromised  biological using

orthodontic extrusion.

Case Reports

A 15-year-old female presented to the
Department of Conservative Dentistry at
Kyung Hee University Dental Hospital at
Gangdongwith a chief complaint of pain on
upper anterior teeth. She reported that she
got root canal treatment on #12, 11, 21, and
#22 due to dental cariesa year ago. Clinical
examination showed the extensive crown-
root fracture with extensive subgingival
caries on#14, #12 and #22. Radiographic
examination revealed periapical widening
on #14, but no periapical radiolucency was
detected on #12, #22. On the basis of
clinical and radiographic findings, a
diagnosis of root rest with symptomatic
apical periodontitis on #14 and root carieson
#12, 22, and dental caries on #11, 21 with
previously initiated therapy was made,

respectively (Figure 1).
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Figure 1. clinical and

Preoperative

radiographic appearances
After removal of carious lesion on
maxillary anterior teeth, most supragingival

coronal structures were lost, so that it was

impossible to perform further routine
prosthetic restorations without
supplementary intervention  including

periodontal surgery or orthodontic extrusion.
Treatment plan was thoroughly discussed
with patient, and written informed consent
was obtained prior to the treatment.
Orthodontic

fractured and carious teeth of #14, #12 and

extrusion  ofsubgingivally
#22 after root canal treatment followed by
periodontal crown lengthening surgery was
planned to achieve sufficient ferrule for core
build-up and provide proper biological
width for prosthetic restoration.

Due to prolonged temporarization period
after previous endodontic treatment,
endodontic re-treatment was performed on
#12, 11, 21 and 22. Tooth #14 was also

performed the endodontic treatment. Caries



lesions were removed andendodontic access
cavities were prepared. The canal was
thoroughly debridedwith 2.25 % of sodium
hypochlorite, and it were prepared using
universalNiTi  files

Protaper (Dentsply,

Ballaigues, Switzerland) with thorough
irrigation. After cleaning and shaping of the
root canals, it were filled with gutta-percha
point of #55 with AH Plus sealer(Dentsply,
Ballaigues, Switzerland).

After endodontic treatment, orthodontic
extrusion of #14, 12 and 22 was performed.
A 0.019 X 0.025 inch rectangular stainless
steel arch wire was designed from #16 to
#26 as anchorage toprevent unwanted tooth
movement (Figure 2 A,B). Acrimpablehook
was connected to wire to stabilize the action
chains and to

elastic ease

handle.Sincefewsupragingival dental
structures wereavailable to place action
apparatus, the prepared intracanal hook
wires for root rests were cemented with
RMGI(Fuji 1l LC; GC America, Alsip, IL,
USA; shade A2).The extrusive force was
applied by elastic chains, which were
replaced every 7 days until 3 to 4 mm of
extrusion was achieved(Figure 2 C-F).To
prevent relapse and shorten retention period,
fibrotomy of supracrestal periodontal fiber
was performed at each appointments using
blade #12 under infiltration anesthesia. To

prevent relapse and shorten retention period,
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fibrotomy of supracrestal periodontal fiber
was performed at each appointments using
blade #12 under infiltration anesthesia.After
4 weeks, the whole root rests achieve the
biologic width for restoration, thus extrusion
was completed (Figure 3).

Figure 2. Wire appliance fabrication on
study model. (A) Frontal view (B) Oclusal
view (C, D) lateral view. Acrimpable hook
was connected to wire to stabilize the action

elastic chains and ease to handle.

Figure 3.

C)

preoperative



radiographic appearances (D, E, F)

postoperative radiographic  appearances.
Red arrows indicates the eruption.

Coronal restoration was complete with
fiber post(DT light

Schaumburg, IL, USA)and core composite

post, Bisco Inc.,

resin(Light-core), followed by retention
with lingual wire of anterior six teeth and
buccal wire of #13, 14 and 15.

After

gingivectomy  was

three months of retention,

performedfor ideal
gingival contourusing prefabricated surgical
guide stent during retention period (Figure
4).To prevent gingival re-growth and allow
periodontal healing, the provisionalcrowns
were restored for a month. Finally the teeth
were restored with IPS Emax crown (Figure
5).The patient was satisfied with the
harmonious restoration on the smile line.
Three months later, after placement of
permanent crown, restored teeth showed

stable result (Figure 6).

Figure 4. (A, B) Stabilization, (C, D, E)
prefabricated surgical guide stentwas used
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to contour the ideal gingival line.

Figure 5. IPS Emax final setting (A) labial

view (B) occlusal view

Figure 6. Pre-operative (A) and Post-

operative 3months (B) smile view.

Discussion
Various treatment options were available
for the presented case such as extraction

by
lengthening, orthodontic extrusion with or

followed implants,  surgicalcrown
without gingivoplasty and surgical extrusion.
In this case, multiple teeth were fractured
width

theanterior area, so that it is important to

with compromised biological in
manage the esthetic zone not only after
treatment but also during the treatment. It is
imperative to maintain an appropriate
crown/root ratio at least 1:1 so as to provide
a favorable prognosis for the restored
tooth(Bach et al. 2004; Uddin M 2006).
Using stainless-steel bonded wire with
adjacent teeth and intracanal hook is one of
the most commonly used and simple



treatment options to extrude subgingivally
fractured tooth. In order to exert a force on
the teeth,wire appliance should include a
beak shape of connector on which elastic
string or power chain hang. By connecting
the crimpable hook on the wire, the
appliance can be manufactured and handled
easily. The simplified forced eruption
technique using crimpable hook had several
advantages over other methods. Because
there is no need to bend wire to form a beak
for hanging the elastic chain, laboratory
work for wire appliance is simple. Using the
pin
crimpable hook is easily connected to arch

crimpable hook plier or cutter,
wire. As well as simple wire fabrication
process, chair time can be shortened. Also,
the direction of extrusive forces can be
finely adjusted.

In spite of the relative difficulties,
orthodontic extrusion can be a reliable
option to manage of of multiple teeth with
compromised biological width. It is a viable
technique for the practitioners and beneficial
technique for the patient who wishes no
toextract a tooth, if only to keep the bone
volume intact and to

ridge thereby

maximize the benefits of dental implants.

References

R. 2004.
periodontal

Bach N, Baylard JF, \oyer

Orthodontic extrusion:

35

considerations and applications. J Can Dent
Assoc 70(11):775-780.

Felippe LA, Monteiro Junior S, Vieira LC,
Araujo E. 2003. Reestablishing biologic
width with forced eruption. Quintessence Int
34(10):733-738.

Gargiulo AW WF, Orban B. 1961.
Dimensions and Relations of the
Dentogingival Junction in Humans. J

Periodontol 32: 261-267.

Ingber JS. 1974. Part I. A Method of
Treating Isolated One and Two Wall
Infrabony Osseous Defects -Rationale and
Case Report. J Periodontol 45(4):199-206.
Ingber JS, Rose LF, Coslet JG. 1977. The
"biologic width"--a concept in periodontics
and restorative dentistry. Alpha Omegan
70(3):62-65.

Kirzioglu Z, Karayilmaz H. 2007. Surgical
fractured
immature permanent incisor: 36 month
follow-up. Dent Traumatol 23(6):380-385.
Pitts DL, Natkin E. 1983. Diagnosis and

root fractures. J

extrusion of a crown-root

treatment of vertical
Endod9(8):338-346.
Than A, Duguid R, McKendrick AJ. 1982.
Relationship between restorations and the
level of the periodontal attachment. J Clin
Periodontol 9(3):193-202.

Uddin M MN, Segelnick SL. 2006. A new
appliance for forced eruption.N Y State
Dent J72(1):46-50.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Orthodontic+extrusion%3A+periodontal+considerations+and+applications
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orthodontic+extrusion%3A+periodontal+considerations+and+applications

THAXNEE ¢53 AR CAD/ICAM T+
: Case Report

Aax,

!D.D.S,M.S.D. 432
2D.D.S, M.S.D, Ph.D F
*

2, HAFT

4 XY XPRET
st x| ¥pefst ®WESkw A
A A =}

Z 7 7, Professor, D.D.S, M.S.D, Ph.D. A 3| thstw x| }ojjst B8 wA
MEA] FHET AR 26
TEL +82-2-958-9330, FAX +82-2-960-5108
E-Mail: choikkyu@khc.ac.kr

A&

1980 o] 7% chairsidle CADCAM
Al 2~®l9l CEREC® (Dentsply Sirona) ©]
2 % 30 ol A A F
CADCAM A|AHIL w2 ubd S 7 X
A Heh I8t 7S Fx FEE
Hisl, HAAAd T ad Aol ¢
ol CADCAM TEH=2 A4 2L
sHA S} =g7bo] Qlo] ghth 1efvh theF
3t E=9] 73t CADCAM A A~HEIz}
Aol Mz Qs WA A I
A ow AG TJlest Tl olE
T, A 7NE FEEA b 984

a1 Y} (Tidehag P. et al., Operative
dentistry, 2014)

olelgr el  wel  chairside
CADCAM A|AHE HF FEH5ERE A
I ool HyuE Qe FAlolth
TAH RS st Jdow At
2 B8 D FHIA ThsE, el Al
& deoE Awsta Sk unk, 9
A ARt oyt AwAl eds
HrEEok sk X F-ol X = chairside
ol AwAde FH3r] 9d surface
texturing 2 staining A &3k F#of o

[

& el Rk g

a3 1 2% M 29| staining
(1) Glazing®t Al
(2) Blue shade
Shade 1; 1 coat
Shade 1; 2 coats
(3) Copper, Mahogany stain

(4) Surface roughening & glazing

CADCAM E-E2] Staining

Lithium disilicate block ¢ A43} =
GA A staining AlPA] EHHEHE
shade & ol|53t7] flal st A
sty AP He ES(E A
AHl, AAst o]H)el] o staining
material ©]-&3}°] staining A& <, vita
shade guide £} Mgt Pl E Al W3



A2 SURFACE Shade 2 Copper Mahogany

A2 Shade 1 coat
TEXTURING coat Stain Stain
EMAX L 56.96 56.81 56.73 5814 5825 5838 5524 551 5472 5262 5282 5541 4407
BLOCK
-097 -1 -094  -105 -1 -087 -078 -076 -0.8 18 18 -02 6.19
b 345 362 34 327 347 35 819 786 849 1993 1976 109 8.56

L 56.66 56.5 56.67 57.77 57.58 57.75 5575 5538 5489 51.51 51.38
Black -083 -095 -097 -09 -074 -066 -067 -072 -0.56 270 212
b 326 327 315 349 314 298 695 683 693 2195 2153
L 57.56 56.86 56.64 59.17 59.22 5871 57.11 57.11 57.05 5275 52.76
Whit -046 -055 054 -024 -031 -0.14 -0.10 -007 -012 286 337
b 445 48 473 411 41 419 743 739 810 2249 2295

Table 1 Staining 852 Lab Mgk

1% 2 Vita shade guide
Cervical 1/3 H-9lollA A4zt 574 A3
Staining A3 % A= gkt
vita shade guide & W] w3+ A3}, Lithium
disilicate A2 (Low-trans) =] shadel
S 1 ZE A2, A3 A HE 1, shadel
= 23E A3 A|,A35 AT
Tt 5ol surface roughening A] %Y
% glazaing A3 A], glazing W+ A] 33k
E=o H] 3 W REALS] S7tZ
L*(Brightness) ko] <718kt

H=o0
=2 71

a9 2 A% 2ol
o]-§-%t
spectrophotometer(NF9
99,NIPPON
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