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Comparison of push—out strength by the levels
of post and types of resin cements in the root
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Table 1. Resin cements and adhesive systems -

Table 2. Push-out strength (MPa) and statistical comparison
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Fig.

. Apparatus designed for push-out tegt e 10
Variolink II on the level 1 (x30, rectangle x1,000) - 26
Variolink II on the level 2 (x30, rectangle x300) oo 26
Variolink II on the level 3 (x30, rectangle x300) e 26
Multilink Automix on the level 1 (x30, rectangle x300) - 26
Multilink Automix on the level 2 (x30, rectangle x300) 26
Multilink Automix on the level 3 (x30, rectangle x300) 26
RelyX Unicem on the level 1 (x30, rectangle x250) = 27
RelyX Unicem on the level 2 (x30, rectangle x300) - 27

10. RelyX Unicem on the level 3 (x30, rectangle x300) - 27



ABSTRACT

Comparison of push-out strength by the levels of post

and types of resin cements in the root canal dentin

Sang-Hoon Yoo, D.D.S., M.S.D.
Advisor @ Young-Gon Cho, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School, Chosun University

The purpose of this study was to compare the push-out strength
and SEM finding at the different levels of root canal cemented
with three resin cements and a fiber post.

Crown portions of eighteen single-rooted mandibular premolars
were removed with a diamond disc. Routine endodontic treatment
was done, and 9-mm deep post spaces were prepared within root
canals. No. 2 translucent fiber posts (DT Light post, Bisco) were
cemented with three resin cements @ Variolink II (Ivoclar-Vivadent
AG, Liechtenstein), Multilink Automix (Ivoclar-Vivadent AG,
Liechtenstein), and RelyX Unicem (3M ESPE, U.S.A.). Roots were
assigned to 3 groups (n=6). After storage in distilled water for 24
hours, each root was transversally sectioned with 1-mm thick. Six
slices obtained from each root were divided into level 1, level 2,

and level 3. Each level have two slices (level 1 1-mm and 2-mm



slices, level 2 : 3-mm and 4-mm slices, level 3: 5-mm and 6-mm
slices from the cervical portion of root).

The specimens were subjected to push-out test in a universal
testing machine (EZ Test, Shimadzu Co.) with a crosshead speed
of 1 mm/min. The data were analyzed with repeated ANOVA and
one-way ANOVA. Also the interface of post-resin cement-canal wall

in the levels of each group was observed under SEM.

The result of this study were as follows:

1. There were statistically significant difference among push-out
strengths of level 1, 2, 3 in three resin cements (level 3) level 2
> level 1, from the high strength to low, p = 0.000).

2. There were statistically significant difference among push-out
strengths of each level (level 3) level 2 ) level 1) in Variolink II
(p=0.000), but not statistically significant difference among
push-out strengths of each level in RelyX Unicem (p=0.077). In
Multilink Automix, push-out strength of level 3 was statistically
significant higher than those of level 1, 2 (p=0.027).

3. There were not statistically significant difference among push-
out strengths of resin cements in each level (p > 0.2).

4. Gaps at all levels were observed between resin cements and
root canal wall in Variolink II and RelyX Unicem, and between
posts and resin cements in Multilink Automix.

5. Thickness of resin cements around posts was mesiodistally thin,
but buccolingually thick in level 1, 2, and was thin into both

direction in level 3.



Within the limitation of this study, push-out strengths in level 3
were higher than those in level 1, 2 in all of three resin cements.
Adaptation pattern on the interface between fiber post, resin
cement, and root canal wall showed different with types of resin

cements.
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2 AZEY ggA o djeqE 3%

E. AR AANNE, AHE dAANER

g 5, push-out HAFSE AAAW A A<
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(Bisco Inc., Schaumburg, IL, U.S.A)E AlE3dt. LT2EE &3]
7] 918 dAIANMERE A5F4 ) JHAAE AHEst= Variolink 11, 297
A7FE2 H&ZAA S AFEsE Multilink Automix, FH&ZAAS AL&e#] &
A7F 2 A WA M EQ RelyX UnicemE AF&39 T (Table 1). H2HAl 9}
YAAHE S S¢S 3 FZA7]E= Spectrum 800 (Dentsply DeTrey

GmbH, Konstanz, Germany)g AR5 342 500 mW/ere] % 7

£ o §33

Table 1. Resin cements and adhesive systems

Resin cement Adhesive System Manufacturer

Variolink O
(total-etching resin
cement)

Multilink Automix
(self-etching resin

Excite DSC Ivoclar-Vivadent AG,
small/endo Schann, Liechtenstein

Ivoclar-Vivadent AG,

Multilink Primer Schann, Liechtenstein
cement)
RelyX Unicem 3M ESPE Dental
(self-adhesive resin - Products, St. Paul, MN,
cement) U.S.A.




2. Iy

ot 2 7Ae) Azel RAE 24 28% 2Az AAD T Ao
diamond disc & ol 3ol 7 Aobe] ABRE F= Wy A A

A5ttt Digital caliper® o] 83ste] z+ 29 Zo]7} 14 mmo]sto] A

o ZEdTe AAel 1.0 mEY A2 A FS AP A ofo A A&fsto] F
18709 A& Fxlaksivt

7t el 9l A4 barbed broach® AAS AT PGS Lol
No. 10 K-FLEXOFILE ©® (Maillerfer, Ballaigues, Swiss)< 443t

of Aeky o g I Fo] Rolx ZololA 0.5 mE W ZHo]= 34t
NO. 15, 20, 25 H-File (Maillerfer, Ballaigues, Swiss)¥ PROTAPER™
Sx (Dentsply DeTrey GmbH., Konstanz, Germany)® %2 X745
2 Sd ¥, A9 7A PROTAPER™ S1, 82, F1, F2, F3 #9< +
AH o7 Abgete] SR E A ST 2 Al d=v2= 300 rop.m.
9 &x ARk Rda, 23l RC-prep ©  (Medical Products
Laboratories Inc., Phila, U.S.A.)¥% 5% NaOCI7} &= ZeEolA 3d

& Abgstel

2 dols TER DX F, K-S ol §3e] Aow BPS d
Hatn, AF 20 AU 2L 279 A 22 Adsact. AL

x 2o S 1/35%]o] AH-26 © sealer (Dentsply DeTrey GmbH,
Konstanz, Germany)& S¥A =x3ste] @ AAdRZ71A 4ded +,
System B (Analytic Technology, Redmond, WA, U.S.A.)¢ Obtura
II (Obtura/Spartan, Fenton, U.S.A.)E °]&3}9] continuous wave

technique o2 &3S ZH3I% .



(2) 225 F2+ AW T2EY AF

LAYl e AEAAH Z2 No. 29 No. 3 Peeso-reamers A}-&3}]
SHYFANA FE 9 m ZolE AASATE. DT Light Post system<]

—_

Pre-shaping drill®} No. 2 drill& A3t 9 mm Zol9 XT~E F7

S YA ¥ S-Kondenser (Obtura/ Spartan, Fenton, U.S.A)E &

Gl AHHA & dutetdtt. 23S 5% NaOCIZ A FHsta o]

FRJAER Axedrt. thololt= W E o] &35t No. 2 DT Light Post9]

BHE Adsta ol 23 ol AAsAY. E2EES 3ol Al 78]
o =

Holwl ¥, FHG W A o9HA GES

H T
ErE g0l WAE F 18700 Aeg AAANES] Fio] i ¥iE
2 FHar] dstel 39 Fow BRAAR, 2 #ol 6719 A2 wAs

1) Variolink II #

ry

#5 32% ¢4k (Unietch: Bisco Inc., Schaumburg, IL, U.S.A.)

o

1

ot

2 15%7F AR ASE 3, air-water syringe® A H 3 T Ho|m IZAE=R
Az}, Excite DSC small/endo
(Ivoclar-Vivadent AG, Schann, Liechtenstein)7} A% B H=

TrE Fre 2REE 1027 BA2UA 449 08, 39 AFAE o)

Variolink II A|WEE A XA XA|HE E33le] Unit-dose needle
tip (Bisco Inc., Schaumburg, IL, U.S.A.)°l Ho¥Y i, needle =
S ek Adete] AT For S AWMES FYIA

O AHES 23 X2EES VSR 4y S vhetuA 22E §3el
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42 A AT Spectrum 800L 2 40x%

2) Multilink Automix *

H

ot

Multilink Automix system® Multilink Primer A9} BE &%
sto BEjdo Al gL, E2E FIhe] Z2HHES HyHAR 15x7
A 2HA ZgolmE A Esta #}Jo xZtoluw= FHoln F¥QAER 3}

At} Mixing tip2 £33 €39 Multilink AutomixZ Unit-dose needle

N

]_

2

M
ool
B &

tipel HoAY¥ 3, needle €& 49 TuFo] AYsted S4TIYT FHo=

iy

SoleawA AWES FRa, AWEES B9 ¥~EE ok g
S4e JhauA XaE B0 9442 B Y AdEE BHH 4

Asta Spectrum 80002 20%37F #ZA}Eg o).

3) RelyX Unicem
RelyX Unicem capsules Applicap Activator (3M ESPE Dental
Products, St. Paul, MN, U.S.A)ell A4ste] 3% &<t levergs =¢lA
2yl olo] EFE == 53t Rotomix (3M ESPE Dental Products,
St. Paul, MN, U.S.A)°l #AAA 10x & &% F, Applicap
Applierel capsules F# sttt &€ AHWMEE Unit-dose needle tip
o Jol¥2 tha, needle & @] oo AYste] YT Ho=

SolgelwA AWES Fsdr ANES BH TAEE v ey

(4) Push-out test
X¥2EV $FE BE AEE A2 FHRFO 244170 o BEEA.

£ ol=zd¥ ¥ (Lang Dental MFG. Co. Inc., Chicago, IL, U.S.A.)
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o Bursl ofg Estel setw etam Az® Axzge] Bro ye o

& AT AW ok 0.5 mm AR/ FES A, A8 F 42 da

EE5S5 gy oo A AT diamond discE o] &3dte] NS tEH

Push-out AALE 938 ZF ¥4 57019 A2 (F 1570 & A S, 7+
Ao F4 ol A4 9 diamond wheel saw (Buehler Ltd., Lake
Bluff, IL, U.S.A)E o]&3le] A9 HFo] 2o HEE FJudwon

Aderstdt, |4 AAF A2 0.5 mBEE Addste] WA ohg, A #AF

=

A AeERE gd 1 m T d%Ho dasd 1 AT F F 6
ane AL 671 AR A2

HAE level 1, 3 mme 4 mm ZHE level 2, 5 mme 6 mm AHA

=
lo
it

o] A #IHAA 1 mme 2 mm

< level 32 #7349

of A¥E sl uetd AFAAA ol Ao XIddo] 9Fow Y=
sto] cyano-acrylate (ALTECO Korea Inc., Pyungtaek, Korea)® #
stk Aol H2e A E universal testing machine (EZ test,
Shimadzu Co., Kyoto, Japan)®] st jigel mA3sta A5 jigoll= 1 mn

2173 9] plunger’} B¢ A& 1A4sA Yt (Fig. 1). Push-out FAF Al

=

plunger= EXAERE JRHEZ di3la, HAANA x2EV @ed w7}
A 3 1 m2 crosshead speed® 35S 7138,

Push-out ZXZ+ & Ao 7[R 35S HAHAE (A)SE Yo A
ArE ATk, ZF AH el FHAE (A)S A=21rhe FAoE AMNHAL, e

3.14, vr& X2E° HXE hE AHY F4 (m)o|t}.

B)FAAAAN 7 A2

ok

48 Azs 7

=

FALAAEN G BES 98 dAAWMER IAEE
F 1A (F 37) wASGT. 2 9 A2E pust-out AAF W et E=d3

o T 6/ due AAste] level 1, 2, 30 Z42zF 2709 AH & wj

lo
N

_9_



A3t
A EA dords LdBAE AARY) Astel 2EeRAH7] (JAC-

Ultrasonic 1505, Kodo Technical Research Co., LTD, Whasung,

Korea)ol Al 5x3+ AlAstdv. 2+ d8S AxAA stubol #3235, 20

KV s sfellA 183 7 me FAZ 95 Z=gFHEstal FE-SEM

T,

(S-4700: Hitachi High Technologies Co., Tokyo, Japan)< ©]§3d}o]
7t 9] level 1, 2. 3o E2E, gAAWHE 2 x2alolde AWLS 1

g2 @A,

(6) SAEA
Zt 9 push-out A% kel ozt Fo4 AT SATAH Z=aH<d

SPSS (ver. 10.1)0lA wrE=2 ANOVASF one-way ANOVAZE o] &3}

Fig. 1. Apparatus designed for push-out test
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(1) Push-out Z %

7 9] push-out 2% & Table 29 2t} 3714 A WMES 7} X
= level ¥ H push-out A= Ftel vHlus HHEZ4 ANOVAE o] &3}
o AASYT. 371K G RAAHME S H push-out HE ZH2 level 194
4.55 £ 0.85 MPa, level 2014 5.28 + 0.95 MPa, level 3014 5.69 +
0.66 MPaE vetvo] Z+ level toll TAGTH R o8 olE YERY QL
i (p=0.000), level 394 71 =2 A& YetUATt (Table 2).

Y RAAHMES F/ wWE X2 level 7+ HH push-out = e vl

e ANOVAE o83k fAskslrt. Variolink 11 o] 2= #
level 104 4.40 £ 0.59 MPa, level 2014 5.30 £ 0.79 MPa, level
3o14 5.97 £ 0.38 MPaEs etdlo] 7} level ztell EASA o=
zlo]l S YEt AT (p=0.000, Table 2). Multilink Autoimix ¢ %=
w2 level 104 4.47 + 1.09 MPa, level 2914 5.16 + 1.07 MPa,
level 3914 5.50 + 0.74 MPa¥E Yetdo] level 13} 204 HT} level 3
o Aol AE7F FAITHoRE =4 YENT (p=0.027, Table 2). RelyX
Unicem w9 7%= 2 level 104 4.78 £ 0.85 MPa, level 204

rle

flo

5.38 + 1.06 MPa, level 3914 5.59 + 0.75 MPaZ ‘eo] 7} level
Zboll AT A o2 fFojgt 2o]lE YePA &kt (p=0.077, Table 2).

A 29 leveld W& #HAAWE 7+ 7% Zhe] HlW+= one-way ANOVA

E o] g3to] B4, Level 1, 2, 3 BFA gAAWMES F7Fo| o}
& push-out 4= @S FATAHOZ Fo3t Aol& deblAl %ot (p )

0.2, Table 2) A9 levely} HAAWMES F7/F Ftdle= Fa28o] gl
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2) Multilink Automix *
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Table 2. Push-out strength (MPa) and statistical comparison

Group Level 1 Level 2 Tevel 3 p—value+ NO.' of
speclmens

Variolink T~ 4.40 + 0.59" 5.30 + 0.79 597 + 0.8 0.000 10

Multilink ) 7 100 516+ LoP™ 5.50 + 0.74 0.027 10

Automix

RBI.YX 478 + 0.85" 5.38 + 1.06™ 559 = 0.75%  0.077 10

Unicem

total mean. ) o0 g5t 58+ .08 5.69 + 0.6 0.000 30

strength

pvalue” 0.590 0.889 0.232

t . Repeated measure ANOVA, * 1 One-way ANOVA
Same letter is not statistically different.
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A9 HRAWMES] FFol| W
AFHL Prralgder. o] At Axfo|A]l 371A HAAMES Hi push-out
e e level 3, 2, 1-o® = YEwow, 7 level ol FA 4
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V3-3.0kV 13.2mm x30 SE(M) V2-3.0kV 13. Tram x30 SE(M)
Fig. 2. Variolink II on the level 1 Fig. 3. Variolink II on the level 2

(x 30, rectangle: x 1,000). P: post, (x 30, rectangle: x 300). P: post,
R: resin cement, D! root dentin R: resin cement, D! root dentin

V1 3.0kV 13.1mm x30 SE(M) M3 3.0kV 13.2mm x30 SE(M)

Fig. 4. Variolink II on the level 3 Fig. 5. Multilink Automix on the level
(x 30, rectangle: x 300). P: post, 1 (x 30, rectangle: x 300). P: post, R:
R: resin cement, D! root dentin resin cement, D! root dentin

M2 3.0kV 13.2mm x30 SE(M) )0 [\1-C 3.0kV 8.0mm x30 SE(M) 1.00mm|

Fig. 6. Multilink Automix on the Fig. 7. Multilink Automix on the
level 2 (x 30, rectangle; x 300). P: level 3 (x 30, rectangle; x 300). P:
post, R: resin cement, D' root dentin post, R: resin cement, D' root dentin
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R3 3.0kV 12.7mm x30 SE(M) 1.00mm)| R2 30k 12.7mm x30 SE(M).

Fig. 8. RelyX Unicem on the level Fig. 9. RelyX Unicem on the level
1 (x 30, rectangle; x 250). P: post, 2 (x 30, rectangle; x 300). P: post,
R: resin cement, D! root dentin R: resin cement, D! root dentin

R1 3.0kV 12.9mm x30 SE(M),

Fig. 10. RelyX Unicem on the level
3 (x 30, rectangle; x 300). P: post,
R: resin cement, D! root dentin
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