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Evaluation of static fracture resistances and patterns of pulpless tooth restored with

poly-ether-ketone-ketone (PEKK) post

Ha Eun Park, Cheol Won Lee, Won Sup Lee, Sung Eun Yang, Su Young Lee*
Department of Prosthodontics, Seoul St. Mary s Dental Hospital, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea

Purpose: The purpose of present study was to investigate fracture strength and mode of failure of endodontically treated teeth restored with metal cast post-core system, pre-
fabricated fiber post system, and newly introduced polyetherketoneketone (PEKK) post-core system. Materials and methods: A total of 21 mandibular premolar were ran-
domly grouped into 3 groups of 7 each according to the post material. Group A was for metal cast post core; Group B for prefabricated glass fiber post and resin core; and
Group C for milled PEKK post cores. All specimens were restored with metal crown. The fracture strength of each specimen was measured by applying a static load of
135-degree to the tooth at 2 mm/min crosshead speed using a universal testing machine. After the fracture strength measurement, the mode of failure was observed. The
results were analyzed using Kruscal-Wallis test and post hoc Mann-Whitney U test at confidence interval o= .05. Results: Fracture resistance of PEKK post core was lower
than those of cast metal post and fiber reinforced post with composite resin core. In the aspect of fracture mode most of the root fracture occurred in the metal post core,
whereas the post detachment occurred mainly in the fiber reinforced post. In the case of PEKK post core, teeth and post were fractured together. Conclusion: It is necessary
to select appropriate materials of post for extensively damaged teeth restoration and clinical application of the PEKK post seems to require more research on improvement of

strength. (J Korean Acad Prosthodont 2019;57:127-33)

Keywords: Polyetherketoneketone (PEKK); Post; Fracture resistance; Fracture mode

ME

A xHo] HE5TE R]oFE ESH= A2 A/dofollAl 4
oA} S L IAFL EFolct. AR7IK] ZAES FolE o] L5
5 XPRE FAG & kS EoH: Ao g v
OFEoJX] 3L 91O, Stockton'of] w2 o]¢} Zro] SE5}= 1)
Aol 71502 Fatt JEIE o Qlok

Al TheFst TAE F0] A AEo] AT glon, 5
£ X|otMt ARG AR E AFEEEO] An|E Q] K-9jof] g5l a

A Y2 AHE S Wdo|| wlet ZAEES

BEgol glolM B3 FeEol

o OO0 1w

e o ¥
ok [ O oo
ol -

[ i

o

2
=

E oLt upEFel oA
ool Bls -2 BAIRE 7HRIAL 9L
s, 718 Ay 2AE
A7t T4 E T RotA Ajar=0] 7hs gk e o] 2ol
o= o] FE Aoz HaEh shAt 7)1 45

Iy
3
Lo

m
by

.

e 2
.
ox 2t

oZ
o

*Corresponding Author: Su Young Lee

Department of Prosthodontics, Seoul St. Mary's Dental Hospital, College of Medicine,

The Catholic University of Korea, Banpo-daero 222, Seocho-gu, Seoul 06591, Republic of Korea
+82 (0)2 2258 1795: e-mail, Isuyoung@daum.net

Article history: Received February 12, 2019/ Last Revision April 1, 2019/ Accepted April 5,
2019

pISSN 0301-2875, elSSN 2005-3789

(©)2019 The Korean Academy of Prosthodontics

€9 This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

127



HISH2 - 0|22 - 0|2 - UM - 04

orT

Poly-ether-ketone-ketone (PEKK) ZAER Alist A8t X2 % [ojo] M LYY ek L I SieHol| 26t B7}

= AIEE7] w2el 2 2ol wht

Aol 51 & 1o, @oww AL} ofls] ot %
9 ZAE 30] A2F0] ehshe 297t 55 WS ©

JJ:L Poly-ether-ketone-ketones (PEKKs)2}= A28 E% 0|
2 =T, 3 AT SR 52 WM 7]EL] Am
of vlaf f2lotn obant fAFE 57 = (PEKK: 246 Mpa,
Dentin: 297 Mpa) 9 Ao}d Hr} e eHdA|4~(PEKK: 5.1
GPa, Dentin: 18.6 Gpa)& H o= Ao 2 RHol 7]ZE9] X|3H-& &
S5 UAE S AL A0 R B ok wik 2HKEE
ol B3R F2h e 7HeskH, Y (milling)olu T4
(pressing) 5-& B3l Tkt AERGA] o] 745517 whEel Q1
AME e AMA xlob Ze FHiet AHF9] F S =<
o Jz go] oS whedt E 4 glom x| 3o wol U
e 2 a4 ZAEY U E3 B 5= Qle 202 A}
¥} shXIRE @A7HA] PEKKS ZAE 9 50 A5 24 7]
E A tiAZHs/d o Foll tigh At A9 Sl A7golth
wheh] B o] RS x|7he 4lo] IR Kool o
Ok@ Ek]g IANE }\]/\Eﬂjil- a4 g_a]._?_og .{,'\_E.o}— ]:]]_/_\_
59 7 05 7h el YR ok, S
d

o

L IFEYBYOlR Y YHAT AL SAL
i) 736 Qszzu} (KC18TNSI0221).

Welo] Y Bxts 2R 61g oluz wAE
ev #o] 3ot 7R Klobe B F ALGE] WA

4°C A Hepoll Hastgich. 2E x]otol] tisiA FA=, 2
J’.‘ué Howmw o Fgsto] xloke] Heja Moz} QA 2

Yzbo] Q= Aloks EEOIA AlQfsiict. B2 47|15 &
—159} °P7l HOH Hioh-He BA e x| FRlE Fa 5ol
tloJol2 = w(NTI-Kahla, Thuringen, Germany)& ©]-85}¢]
A5 TR e Ze]# A (digital caliper)S AM8-5] x| THol|A]
X*ﬂ-l"j—-‘ﬂﬂl-xl 13 mm2 FUA & o= 374 TFO2 1t

29lthn = 7). 7} 189 Alobe WAS, 2UAZ dolg 57
o}i, EASIE o2 RPol7} gle-S Eolslith(Kruskal-Wallis
test: P> .05). o]% x|o}of] 2 of] EAEES AASH] ot
of A LFY B 25% Aol dAIES §olol] IR
Act.

TUA RS WAst=T] oM WA FulE x]oks #4H 2
S HE I8 s FA5taL HAA Zole #10 K file
(Dentsply, Tulsa, OK, USA)< o83l oA 1 mm ZA A
A5heiTh 23X 58 A7) R E|(X smart, Dentsply, Tulsa, OK,
USA)2} Niti file (Protaper universal and Profile, Dentsply, Tul-
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sa, OK, USA)S o] &3] Az=x}2] X|Alof wh2} profile universal
S1, S2, F1, F29] &X2 &3 &l &, #30/0.6, #35/0.6 profile
Niti files ©]-&5to] 2F ZHF/de vHrefsict. 2HFH
o ®=ALY] KAl wha} £3kst Al2](AH Plus, Dentsply, York,
PA, USA)o] #35 27]9] .06 taper AHE}FHXFZ(DiaDent, Seoul,
Korea)S T €3t & continuous wave WO 2 Zreinto] 2tz
22 SAE ABch 017 A28 FI 4 mm Lolo)
EFERFIRS U7l &9 mme] XAE Z7+S HAFTE o]T &
HlE E30] A Erol TN FU) o] EeugAS Al
Q14 Al (Imprint IT Garant light body, 3M, St. Paul, MN, USA)

2 7% TAZ Hes 5 x7hEg ofadd g xl(Jet Ortho
Acrylic Resin Powder/Monomer, Lang Dental, Wheeling, IL,
USA)el uigste] ok Estal d7l E5 YO E 3 mme] x|
B} v 5| 2 al9ich (Fig. 1).

oF BESS F& 34 ZAE 3ol 714 Ha4EY 2A
E = PEKK U¥ ZAE F0] AARE AFES 5515,
2 AollA AHEE EAEQL REtof AR A E = Table 10]

UerIgIT 2t o] 55wl Rl ek A e Tthest 2

OF AN Fx 55 ii\——« 2 F 0] 12(Group A: metal cast
post and core group)®] 73 EAE FHe IAE Ea](D T
Light Post #2, Bisco, Schaumburg, IL, USA)Z £H] 5t &
AE gj€l1} Ao el e Za}AE s)El(ParaPost XP-Lab, Col-
tene/Whaledent, Altstatten, Switzerland)z} s}st53Hed ofa €
2 #|%l(Pattern Resin LS, GC America, Alsip, IL, USA)S.2 Tk
E9ict X Fo] 248 FEX]E AE 3 mm =0|2 AE
o} gele o Este] YA FERV|E o]ge] UA-IE gtZo 2
ZE T AFE EAE Folk ME Belawsl B AE, 2

Group A

Group B Group C

Fig. 1. Schematic dimensions of post, core and crown for each group. Group
A, metal cast post and core; Group B, prefabricated glass fiber post core;
Group C, PEKK milled post and core.
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Table 1. Materials used for present study

Product Characteristic Composition Manufacturer
DT Light post Tapered, size 1, 1.5 mm diameter Quartz fiber, epoxy resin Bisco Inc.
Pekkton PEKK post PolyEtherKetoneKetones, Titanium dioxide pigments Cendres+Metaux
Parapost XP-lab Parallel sided post impression material ~ Plastic burn-out patterns Coltene/Whaledent
Light- core Core composite resin UDMA, Bis-GMA, TEGDMA, glass fiber Bisco Inc.
Base: Methacrylate monomers containing phosphoric acid groups,
methacrylate monomers, silanated fillers, initiator components,
. . stabilizers, rheological additives
Rely-X U 200 Self adhesive resin cement Catalyst Paste: Methacrylate monomers, alkaline (basic) fillers, SMESPE
silanated fillers, initiator components, stabilizers, pigments,
rheological additives.
Alloy primer Metal primer 6-(4-Vinylbenzyl-N-propyl)amino-1,3,5-triazine-2,4 dithione, 10-MDP  Kuraray Dental Inc.
Monobond-S Silane coupling agent Silane methacrylate Ivoclar Vivadent
Visio link Composite primer Methyl methacrylate, 2-propenoic acid reaction products with Bredent
pentaerythritol
Sandblasting Aluminum oxide particle 3M ESPE

7] 225 Zgsiint. AEA}F 7to| =kl uhet F4 xZejo]
H(Alloy Primer, Kuraray Noritake, Tokyo, Japan)E& E3XZ3)C}.
o]% X7} 58 &l AHIE(RelyX U200, 3M ESPE, St. Paul,
MN, USA)E ZAE F1h} FR & IAE F0j0] R X3}
1, IAEZZ| = 13418 7] (lentulo spiral, Produits Den-
taires SA, Vevey, Switzerland)E 0|85l Z HX| == Y} o]|&
FE 34 EAE 018 EAE Zol 2107 F oj2e) A
EL njolazEel4 2 AAY, ofF 127 LED #2A17|2
olgal HYT T 5B Lo YAS FU

2F B 714 41§48 ZAE 9 %l 2o} 1F(Group
B: prefabricated glass fiber post group)?] 3¢ 71’3 A-8-43}
s ZAE(D.T. Light Post #3, Bisco, Schaumburg, IL, USA)=
AlZH(Monobond Plus, Ivoclar Vivadent, Schaan, Liechtenstein)
& HET F 1057 ZIIRALE ARSI, EAE B L
GroupA®} Z-& wPglol] whe} Hegic). Tof 52 2 &7
3 0{(Light-Core, Bisco, Schaumburg, IL, USA)E 2 mm ferrule

RE W, 0%, 245 2aEe e HE FH ¥ 2054
358 shgih

1% C9l ¥ PEKK £AE Fo] T1Z(Group C: PEKK
milled post and core group)Q] 7 Z|u|LAIZ AL Q1AMR]
(Imprint IT Garant, 3M, St. Paul, MN, USA)Z ¢4 535t &
Computer Aided Design-Computer Aided Manufacturer (CAD-
CAM)E o] &3] &A48 A7l (DOF Freedom HD Scanner,
DOF USA, Anaheim, CA, USA)Z ZAE Jefo] thdt ¢o]E]
£ ¢, A3 23E AESEEC 22 13 A(Exocad Dental
CAD, Exocad, Darmstadt, Germany)ol|4x] ZAE TIRIQI &/
& Pekkton E-Z(Pekkton ivory, Cendres + Métaux SA, Biel/Bi-
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enne, Switzerland)S HH(IDC MIKRO 5X, Evolve Dentistry,
New York, NY, USA)3}3l 2 &AM R %S gelsirt.
R Z=AFS] K|Ale| uhg} Zglo|w(Visio.link, Bredent, Senden,
Germany)E A& = 10X7F 27] BAGIY L, IAE HzF 3
A2 Group ASt 28 ol uja} Hagch, BE Fof B
XA ARR 3 mm 208 2w Fuch Aok 27 ek
tlolol2 = W(TR-26, Dia-Burs, Mani, Tochigi, Japan)E ©]-&
Stof HH] 1.0 mme] Y53 & npRe] Mo P/dsigltt. =
7} MR RE ol Bl B3 EAk AR Sl 27}
J Al2]Z(Honigum, DMG, Hamburg, Germany) 2 2 %|&
RS 5 25T A RE 40 oH 3

& FoA oo @ .o AJHIE (Rely X luting plus cement, 3M,
St. Paul, MN, USA)Z Hzl5l 1 7 A|HIE = nlo| 32 H {4
2 FASI} 0] BE AHEE 37°C, 100% &5 stoll A Bt

%

3T 48AIT T A

i

Ol

%
&

IO off |

N o o

< 5 515 7o (Fig. 2) £7] 3ol B iz 7|
Fe wFeh Bt FYol 7+ Y= S

AZIE 2R o|F W5 A9 A5H Z= T3 (Nexy-
gen MT, Toyd Instrument, Farecham, UK) 2.2 A|7F-4 % 515
TS 7153

HH S15 7he § LE AlE %ok 9 gla] 0l (OPMI
PROergo, Carl Zeiss, Oberkochen, Germany)} BIAFAIALE] Slof|
A 5hg $I7], 5k Felel et 27bEQ) 2AaS Asic she
FEO] B tha 2tk Type 1 S22 9, Type 2: A2k
Fo] ZAAH - (=2 €2h); Type 3: X[ Z-EXAE 1}-; Type
4: EAEAOLE 7AW TPR(EAE Doy Type 5: Al
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Fig. 2. Specimen configuration for load test on universal testing
machine.

7 289 AREY A FEE BARA Z2IY(BM

whitney U testE E-3f A|385}33c} (a = .05).

At

Table 20 13559 H|AESH AALR HA 515 S 7135t 5 7+
o A= Bttt 7 159 Bt I Z & (FEE
HADS A 1E(FE 34 TAE 9 70| 18) 79.9 (10.7) kef,
B IE(18 da4dstd ZAE D Y7 3o 15)2 69.1 (8.2)
kgf 718]11 1% C(PEKK YUg FAE o] 18)= 558 (3.9)

FU

Table 2. Mean and range values of fracture resistance (kgf)

Group Mean Maximum  Minimum SD
A 79.9 97.7 69.8 10.7
B 69.1 75.5 54.5 8.2
C 558 61.6 49.8 39

Kruskal-Wallis test and post hoc Mann-whitney U test result of all experi-
mental groups (P <.05).
* statistically significant.

Table 3. Frequency rate of failure modes observed for each group

Group Type 1 Type 2 Type 3 Type 4 Type 5
A 0 0 0 2 5
B 0 0 1 4 2
C 0 0 5 1 1

Type 1, crown fracture; Type 2, crown debonding; Type 3, root and post
fracture; Type 4,post debonding; Type 5, root fracture; Group A, metal cast
post and core; Group B, prefabricated glass fiber post core; Group C, PEKK
milled post and core.

kgfs& eSS BAEA 23 A D5(FXE 34 T2E ¥
Fo] A7)0l 7V =2 BEY A EE O B 15(7]
3 Ae7Ed ZAE 9 g7 Fo] 2F)2e] BAERQI Atol=
9i9la, C IE(PEKK U8 ZIAE Fo] IS AFE Z&
IAE 9 0] OF), B A0 ARAE 24E 9 47l
Fol AF)ET ZAFCE Fou|etA F2 B I FEE
KT} Table 30 ZF 7-9] w1} /< AefsiYledl 15 Ad

A 2749 ZAE ge(Type 4), 570¢] x| 2] oF
5)0] UERFAL, 1% BoAE= 1709] x| 2-EAE IHE(Type 3),
4719] EAE O] E2(Type 4), 2719] A2 & (Type 5)0] A
stttk 1E C(Type 3)9] 4% 5719] x]2-EAE 5bE(Type
3), 17§¢] A E &2K(Type 4), 17]¢] X< 3}E(TypeS) /0]
Ayt (Fig. 3).

o
5
«
o
(¢)

Fig. 3. Representative X-ray images of failure mode for each group. (A) Group A: root fracture, (B)
Group B: post debonding, (C) Group C: root and post fracture.
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B ATOME A RO EAER $88 sloF 2AoA ]
S 9 9 B4 Wl Brheigich. AP st PEKK
Wel ZAE sio)7} b e B wbE JES Bl A A 7]
Brhde 98 e 2aigict Rl Gpayel sl R,
R G4 TAER SB8 AS X29PEY P (Type 5), 714
MesrY TAES 7 Tol7 £3589 Ao EAE] Get
(Type 4), PEKK EAE 50|22 $838 9o M Al EAE
Sh(Type 3)0] 5hgo] 72 Lheht 2} uje o 4] wbg

Fef7t Yebt whaba] & 315 AR .

A7E s3] QoM SEA 0 & 75l Jl) v AESH 7}
dli= §Jo] EAf5}=tl, Hayashi 5"} ¢7to] k=
2 & 71ohe A HIAESH & 7oke AL 3 AP
W} 3P ol QlojA o E AatE Hon o= gHdAIS] ¢
off ZH-Ea, £EF O 2 JlE 7lohe Aol HIAESHA & 7t
Sk Aol vlsl) ol Aol o Ethe d3E BAsiith
7 ol Aol xzReEe Xlof 5ol £E1F 0 2 Thef x| 7| Bt
o] BIAESHA 71eliAIH o] jlof| Mg & 4 ithH £7]
Z o 2 JheliAl= Yoll= FE0| Mg Aojgtal wdste] 135
9] 3l H85kict.

2 Aol ZhzHe] AlHol| x| F:RItie} fAMEE BAITE
AUE Zu|SAE 2 Q4R (Imprint 1T Garant light body,
3M, St. Paul, MN, USA)2 Q1Z&Q1 X|FQIthE A 5lgict.”
Kern 572 Qlg&<Ql x|F1the] Ajdo] 3 Z= gholl 3

iz
ki
N
N
it
o

3l
=

T h
& HRIA] GEThal B g v Q% sk, B At Eo171]
A el AdE T3 Al XFQIAE okA] @2 A2 8T &5
of| &S 3t 79 upEHo] B x|o}e] cervical F-$jofl At x13Y
=L, I NPT RAIFAHE AT AlHE 2 - 36 =
o =}t ol Rlots AL Q= 2Rl 0] AlotE BA5
+ 2185 otof A 3P| K] FEF obal 1 At apEA G

24 22102 483 T uIAEHA B Tlokol 1 2
92 NPT 1 AT} 5 B4 TAE 049 71 At
549 EAE 710] folulat BAF bl Holx] gighe. &
Ao M= A vlgt APt =EER oL, sPERE gho] A
AF o7 ot ol Aot AX|7E obd skt AFRIE AY
tharo 2 M7 uf2¢l Ao 2 ® eIk Schwartz@} Robbins'
£ stet &7 ZHEXE 0] Hof HX|E A Qg thE R]otd
1|5l cervical F9jo|A HEE7|7} £ 90 ZER R A| IAE
2 A8k £ ES HFOIE okl

2 Ao ool tigh A0S ANEH FX g4 IAE
Fojol 714 Aa7deld TAE] At o]R o] AT EI FAL
St A7t R EE QL. o]of ¥isl PEKK ZAE Fo{oA& 32
2 E7L Rlotel @7 wpEEE Aol wEE =], o]+ PEKK

oyl
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Mzl Z&7t oFst g A4t X[otE T Yot x]of wHEA|
A R Ao 2 Alg ¥k

Lee 5" PEKK ZAE Q] 3xMUH §3tah RAS A3
£ PEKK ¥2E 70| $8& 793
© 7113 AR5t A8 E ol8s ZAE 5
ol H]sl X]ot9] cervical F]et A E O] L FLl0]]
o] @ HEE X9 b A QlojM o & F
o, o] o] ZAEL} Tt FERRE ¢ & AgFHo] 5
Eol gt 7hs/do] o oA 4 itk Basigict B 2
A1 A7tE B PEKK O 2 5831 Fol A= TR ie] ubd
F/ol xlotet A EAET} ubEE= o] B e o]
S 55l ®MEAtolA B3 PEKK Z =0 thet xjg7tet 2=
H7ol Qg o2 At}

2 Aol PEKK ¥2EE Uejohiz Ao
N, HEH Q] 7)< pressing 0. = el
w2 574 xtojof tigh vl Alo] Ha s A

Joto] by} T 2|2 AFES B, T oEY
S 0|85k AR I a8 S Yol F71F 515 (cyclic
loading)o] Qito]l A} ARSI QLo B ol A= x18)
SHR] &2 FHAI o] Ut

|

I}
i

Mo

[o

Z4E

Al 7] ZAER 535} 51¢t AFR|ofA 9] spEFE Y
g B0l tish vl F7h AES sl et 22 HES
Rk PEKK ZAE 3b8 2Rt 2 g4 IAE F0iot 7]/
A3 FAE Hls| Y2 ghs BQith. X 55 EAE
Fojol|l A= X e] o] 2 yehd vhH 718 84
3 ZAEE IAEQS gEto] £2 YISt PEKK ZA
E F0i9] A x|ote} FAET} A HAEEE o] F2 L
Epgteh wEb 2 Ate] ] Ujoll A PEKK ZAE 9] QI
B g2 Z5 Pl tist F7HEQ1 A7t Rk wojok & A

o2 wolr}.
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Poly-ether-ketone-ketone (PEKK) ZAEZ 282351 13t X|g X[0}9]
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e E e DR R DB

B 2 Ao BHE X F& XAE, 7 ARAs X2E O3 X3 A MEA F5 v 9l AEQl polyetherketoneketone
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