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Fig. 1. The schematic diagram of electrochemical test equipment. -«:eseeeeeeeeeqd

Fig. 2. Duplicated potentiodynamic polarization curves of PTU and PTG after
potentiodynamic test in 6% NaOCl and 17% EDTA solution at 25TC: (a) NaOC|
and (b) EDTA' .”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”6

Fig. 3. Duplicated cyclic potentiodynamic polarization curve of PTU and PTG
after potentiodynamic test in 6% NaOCl| and 17% EDTA solution at 25C: (a)
NaOC| and (b) EDTA' .”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”7

Fig. 4. Equivalent circuit for Ni-Ti files after impedance test. -=-eoeeeeeeeeee?

Fig. 5. Duplicated Bode plots and Bode—phase plots of PTG and PTU after AC
impedance test in 6% NaOCl| and 17 % EDTA solutions at 25+1C: (a) Bode
plots and (b) Bode-phase plots in 6% NaOClI, (c) Bode plots and (d)
BOde_phase D|OtS in 17% EDTA' .”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”.”8

Fig. 6. FE-SEM morphologies and EDS peaks of PTU before corrosion test: (a),
(b) surface of PTU and (c) EDS peaks of PTU surface. -«--eeomeeseesssnesseenenen

Fig. 7. FE-SEM morphologies and EDS peaks of PTG before corrosion test: (a),
(b) surface of PTG and (c) EDS peaks of PTG surface. -wweeseesseseesseeneneng

Fig. 8. FE-SEM morphologies of PTU and PTG after corrosion test in 6% NaOCl
solution: (a), (b) surface of PTU and (c), (d) surface of PTG. «=-+=veeeee-e10

Fig. 9. FE-SEM morphologies of PTU and PTG after corrosion test in 17% EDTA
solution: (a), (b) surface of PTU and (c), (d) surface of PTG. «=-+sveeeee-e10
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Fig. 10. FE-SEM morphologies and EDS peaks of PTU. (a) surface of PTU,

EDS peaks of PTU surface in 6% NaOC| solution.

Fig. 11. FE-SEM morphologies and EDS peaks of PTG. (a) surface of PTG,

EDS peaks of PTG surface in 6% NaOC| solution.

Fig. 12. FE-SEM morphologies and EDS peaks of PTU. (a) surface of PTU,
EDS peaks of PTU surface after corrosion test in 17% EDTA solution. -«-----

Fig. 13. FE-SEM morphologies and EDS peaks of PTG. (a) surface of PTG,
EDS peaks of PTG surface after corrosion test in 17% EDTA solution. e
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ABSTRACT
Corrosion behavior of ProTaper Gold™ file according to

root canal irrigants

Kim SunJae
Advisor : Prof. Mim JeongBum, DDS, Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Currently, there are two different types of alloys mainly used for endodontic
instruments, stainless steel and nickel-titanium (Ni-Ti). Endodontic Ni-Ti files
were introduced in 1988 and many clinicians have used it to date. They have a lot
of advantages: super—elasticity, efficiency, reduced treatment time and
procedural error, such as apical transportation during canal preparation. Despite
having many advantages, there is a disadvantage; it shows fatigue failure due to
the effect of repeated stress in curved canals.

Clinicians use endodontic irrigants to remove infectious sources in
inaccessible areas (dentinal tubules, accessory canals, isthmuses). The effect of
irrigants to fatigue fracture of endodontic instruments is reported but only few
studies have been conducted about risks associated with failure by surface
roughness using root canal irrigants. This study evaluated corrosion
susceptibility of heat-treated Ni-Ti instruments in commonly used root canal
irrigants and probability of fatigue failure.

Two types of Ni—-Ti rotary instruments and endodontic irrigants were subjected:
ProTaper™ Gold(PTG, Dentsply, Tulsa Dental Specialties, Tulsa, OK, USA),
ProTaper® Universal (PTU, Dentsply Maillefer, Ballaigues, Switzerland) and 6%
NaOCl, 17% EDTA. Potentiodynamic test(PD), cyclic potentiodynamic polarization
test (CPPT) and AC impedance test were conducted to evaluate corrosion behavior
using potentiostat (Parstat 2273, Princeton Applied Research, USA). The surface

of instruments before and after corrosion was observed using a field-emission
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scanning electron microscopy (FE-SEM, S-4800 Hitachi, Japan) and energy
dispersive X-ray spectroscopy (EDS, E-MAX, Horiba Co., Japan)analysis.

PTG had high corrosion potential and low current density. There is more severe
corrosion in NaOCI. In AC impedance test, PTG shows high polarization resistance
and low in NaOCl. PTG has less corrosion such as pitting corrosion, and its
surface was eroded a lot in NaOCI. PTG shows a smoother surface than PTU and it
has less defect on the surface.

The results imply that the fatigue life of Ni-Ti instruments is associated with
surface roughness and a higher fatigue resistance of PTG than PTU. The result
that much corrosion exist in NaOC| than EDTA which implies that fatigue life will

decrease in NaOCl .
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Ni-Ti B MLS AOIX F2, 20l 25mme| ProTaper Gold™ (PTG, Dentsply,
Tulsa Dental Specialties, Tulsa, OK, USA)®t ProTaper™ Universal (PTU,
Dentsply Maillefer, Ballaigues, Switzerland)E AEHOZ AISoIQUCH. AEHENH
2 25 £+ 1COlA 6% NaOCI Bt 17% EDTA EHZ A= StALCH Table 1).

L. ™
Ni-Tilt el
2273, EG&G, USA)

Jz

AL uw
0x
o
0

Jtolll flotd A2 XA (potentiostat/galvanostat

gl

0l2std =SHA2=2AIE (potentiodynamic polarization
AlE
HAIE(AC impedance test)S AlSHGIUCE. JI=&Z(reference

electrode) 22 Est2EXMZ2(saturated calomel electrode, SCE)S Al=Z2olld, ¥
)

Jy

(CPPT, cyclic potentiodynamic polarization test),

XX Z(counter electrode)22

(working electrode)22= Ni-Ti IIYES AI25

32
0
G

Table 1. Nickel-titanium files and root canal irrigants used in this study

Materials Brands/name Manufacturers

Nickel-titanium ™ Dentsply, Tulsa Dental Specialties,
. ProTaper ™ Gold

files Tulsa, OK, USA

® o Dentsply  Maillefer,  Ballaigues,
ProTaper™ Universal

Switzerland
Root 1 Sunjinbio, Gwangmyung, Gyeonggido,
Toot cana SENSE CLEANER(NaOCI) J anvung. - syeonag
irrigants Korea
. ™ MDCLUS Co., Cheongju, Chungbuk,
MD-Solution " EDTA Korea
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Fig. 1. The schematic diagram of electrochemical

test equipment.

o0

fr
I8
oF
pd
1Ho
o)
<H

ok

0

nr
I
oF
KJ
(H0

=2 =

e
]

FO4 100mV/min2l == Al
=AE2 -750 mvV OlA +1000 MVt

forward scan@ & 750 WV Ol Al +1500 mV It

Jtst £ OWIFXl backward scans ot(d

9]

—

[—

CPPT

KJ

KJ

i
oF
K]

Xl

b0
<

|
=
ol
nE

E

KIr
<

|
=
ol

B
8%
7}
RO
KIr

FACE.

| (open circuit potential )OllA 10 mHzOIA 100 kHzDHXISl =14 &

AS A28t Bode plot 1 Bode—phase plotS E AL OIZLEH FHINA

¢}

=
S

o
T

_I

(s

|2 frequency response detector (Model 2273. EG & G, USA)S At
X

|2

=]

I.

HEX
(=]
o

M

KN
gl

I

o

=8

scanning electron

field-emission

Collection @ chosun



microscopy(FE-SEM, S-4800 Hitachi, Japan) & energy dispersive X-ray
spectroscopy(EDS, E-MAX, Horiba Co., Japan)E A0t morphologyet EHHO|
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SHIZ2ZAIE & NaOCl U A PTGE PTUECH SAIMS 2tol =
EDTA U0IAE PTUIL S LIEHGCHFig. 2). NaOCl SHUOIA 24 &<
OF 541.163mV, PTUS 244.418nVE PTGIF PTUELCH S Lig
OF 2.149 x 107A/cn?, PTUS 1.092 x 10°A/cm’@ PTGIF PTUECH 2 Li
EDTA EUNA SAMSI= PTUIL -188.525mV, PTGE= -255.464mVE PTGIF PTUECH
ChA S USOLE, SAIM2UT = EDTA SHOA PTGIF 1.15329 x 107"°%A/cm?,
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e
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fir 1
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LML
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PTUS 4.32548 x 10 °A/cn’Z2 PTG} PTUECH Yl LICHTable 2). M2+ Hlw
S NaOCl 20| EDTA 0| Hlol SAXSY, BANM2UC DS =) Lig

Ch.

Table 2. The corrosion potential (Ecorr), corrosion current density(lerr), corrosion rate
of Ni-Ti files obtained from anodic polarization curves after electrochemical test

Solutions Specimens Ecorr (mV) Icorr (A/cm®) Corrosion Rate (mpy)
NaOCl PTU 244 .418 1.092 x 10° 3.4462 x 10°°
PTG 541.163 2.149 x 107 6.7766 x 107°
EDTA PTU -188.525 4.32548 x 107" 1.3639 x 107
PTG -255.464 1.15329 x 107" 3.6365 x 107
—INaocCI PTG (@) ——EDTAPTG (b)
1000 4 NaOCI PTU 1000 ] ——EDTAPTU
s s
§ 500 § 500 4
g g
Current Density(Alcm®) Current Density(A/cm®)

Fig. 2. Duplicated potentiodynamic polarization curves of PTU and PTG after
potentiodynamic test in 6% NaOC| and 17% EDTA solution at 25C: (a) NaOCI, (b) EDTA.
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=AE 0 M backward scan Al, NaOCIt EDTAGIA PTG2F PTU = Ch
forward scan2CH MEOA WASH PTGIF PTUELCH E2 2HAH0] 2EZJULH

(Fig. 3).

—— NaocI PTG (a) ——JEDTA PTG (b)

1.5 {—— NaOCl PTU 15 EDTA PTU

Potential (SCE VS mV)
Potential (SCE VS mV)

-1.0 T T T T T T T T -1.0
; N : ; N " i X ; ’ (IR B s s e
w W m 100107 107 107 107 10 10 10" 0% 10" 0% 10* 10% 107 10 w0° w0* w* w¥ i’

Current Density(A/cm?) Current Density(Alcm®)

Fig. 3. Duplicated cyclic potentiodynamic polarization curve of PTU and PTG after
potentiodynamic test in 6% NaOC| and 17% EDTA solution at 25°C: (a) NaOC| and (b) EDTA.

WEALEAAE = =HE (nsd: measured) HMOZEE MIIGISHEQl gts

oo M

A ot SItslZ(equivalent circuit)E AF26tH HEILIE (curve fitting)
S ot HAt=l(cal: calculated)2tS LUCHFig. 4).
CPE
R
RD

Fig. 4. Equivalent circuit for Ni-Ti files after
impedance test.

AIE ZDF NaOCl UM PTUS 22 MES 4.979 x 10°MQ 011, PTGE 4.892 x
10°MQ 22 UgD, EDTA EHUAE PTUE 1.322 x 10MQ, PTGE 9.927 x 10°
Q 22 =FAC (Table 3). NaOCI XU A= PTUIL PTGECH E2ME 20
S LISED EDTA 2HNME PTGIF PTUELCH SH LHRCHFig 5). 249 X
S22 NaOCIOl Al PTURH PTGE 242 3.012Q, 2.473Q 011, EDTAMIAlES 3.379Q
o 3.588Q 2 =HGIQULH.

12
~
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Table 3. The solution resistance(Rs), capacitance( uF/cm®-S"), and polarization
resistance(R,) of Ni-Ti files obtained from curve fitting after AC impedance test

Solutions Specimens Rs(Q)  CPE (uF/cm - S") ni Ro(MQ)
NaOC| PTU 3.012  2.048 x 10° 1 4.979 x 10°

PTG 2.473  5.331 x 10° 0.9506 4.892 x 10°

EOTA PTU 3.379 9.576 x 10° 0.9254 1.322 x 10°

PTG 3.588 5.114 x 10° 0.9432 9.927 x 10°

IHIHAIEI A 2H2 NaOCIOIAl PTUS 2.048 x 10°uF/en? - S", PTGE 5.331 x 10°y
F/enf - S" Ol LigtD, EDTAMIAS PTUS 9.576 x 10°uF/cm® - S", PTG 5.114 x 10

SUF/en®-S" ©2 =HGQUCH.

Y 100
10 @ (b)
10°4 80 | o0 e
DDDDDDDDDDDDD
] PH
10 -
i (o]
—_ 10*4 @
) S, 40
_E 10° 4 N
—
o 6 201
N 10" 4 ()
N 7]
1 [} 04
10 4 f_
== |
S — S A}
el C Ll o Na0sIPTU g
1 ==—=NaOCl PTU cal NaOCIPTU cal
10 T T T T T T T T -40 T T T T T T T T
10° 10® 10" 10° 10" 10*° 10° 10° 10° 10° 10°  10® 10" 10° 10" 10° 10° 10* 10° 10°
Freuncy[Hz] Freuncy[Hz]
10° 120
(c) (d)
o 100
103
— 804
10° 4 o
= (] 60 4
@ 104 o,
£
=
S, 10t uN- 404
= o
- 10° 4 Q 20
- ]
©
10° 5 £
[SC=EDTA PTG msd N o 04 FC—EDTA PTG msd
L == E S T EoTAPTU mad N
o ——EDTAPTU cal e -20 4 ——EDTAPTU cal
10° 152 1&‘ 16“ ul)‘ uI)Q 1:)“ 1;)‘ 1‘05 10° 3 ks i T T & 7 T s s
10°  10® 10" 10° 10' 10° 10° 10° 10° 10
Freuncy[Hz]
Freuncy[Hz]

Fig. 5. Duplicated Bode plots and Bode—phase plots of PTG and PTU after AC impedance
test in 6% NaOC| and 17 % EDTA solutions at 25+1C: (a) Bode plots and (b) Bode-phase
plots in 6% NaOCI, (c) Bode plots and (d) Bode-phase plots in 17 % EDTA solution.
*msd:measured, cal:calculated.
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3. HE&F

AS M PTU EHOIM scratch, roll-over &2 JI&2

HEOA PTUN HioH OHDHAES HEHOI 2FZJACH. EDS

Ni, 00} 3= UACHFig 6.7).

T T T T T T T T
1 2 3 4 5 6 7 8 9
Full Scale 446 cts Cursor: 0.000 ke

Fig. 6. FE-SEM morphologies and EDS peaks of PTU
before corrosion test: (a), (b) surface of PTU and
(c) EDS peaks of PTU surface.

Element Weight?%

oK 18.53
Ti K 4251
Ni K 38.96

Totals 100.00

1 3 4 5 (-] 7 8 9
Full Scale 446 cts Cursor: 0.000

Fig. 7. FE-SEM morphologies and EDS peaks of PTG
before corrosion test: (a), (b) surface of PTG and
(c) EDS peaks of PTG surface
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SAl 5 FE-SENOZ PTGS} PTUS| H O
A S HE EOHO0| ZELAD PTGS PTUN BISH 2 HEA HEo0| 2EIJUC
ig. 8

PTU and PTG after

Fig. 8. FE-SEM morphologies of
(b) surface of

corrosion test in 6% NaOC| solution: (a),
PTU and (c), (d) surface of PTG

PTU and PTG after
(b) surface of

Fig. 9. FE-SEM morphologies of
corrosion test in 17% EDTA solution: (a),
PTU and (c), (d) surface of PTG
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£4 = FE-SEMDt EDS= PTGRt PTUSl HEHHI HH0 gd= fFAUHE=22 x4
£ Ol= 8l10 NaOClZt EDTA SHO0IA

IT
S XAt Z1, PTU & PTGEEHUAM d=2 Xt

Sl Hement  Weight%
= } g 0K 36.98
AR 3 ; Na K 9.04
3% . K 2.89
48 ¥ J TiK 2835
$ § o Ni K 2274
{6 1X [ Totals 10000
/ f { Full Scale 139 cts Cursor: 0.000 ke’
| { J & ¥
100um 2 Electron Image 1

Fig. 10. FE-SEM morphologies and EDS peaks of PTU after corrosion test in 6% NaOCl
solution. (a) surface of PTU and (b) EDS peaks of PTU surface.

Element Weight%

0K 27.66
Na K 1.46
ClK 0.58
TiK 36.14
Ni K 3415

= Totals  100.00
Full Scale 139 cts Cursor: 0.000 ke

=
100um Electron Image 1

Fig. 11. FE-SEM morphologies and EDS peaks of PTG after corrosion test in 6% NaOCl
solution. (a) surface of PTG, (b) EDS peaks of PTG surface.
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Element Weight%
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Ti K 38.74
Ni K 3598

Totals 100.00

T T T T T
1 2 3 4 5 6 7 8
Full Scale 355 cts Cursor: 0.000

—_——— =
100um Electron Image 1

Fig. 12. FE-SEM morphologies and EDS peaks of PTU after corrosion test in 17% EDTA
solution. (a) surface of PTU, (b) EDS peaks of PTU surface

(b) Element Weight%

OK 2041
TiK 42,00
Ni K 3759

Totals 100.00

Full Scale 355 cts Cursor: 0.000 ke

—_——— =
100um Electron Image 1

Fig. 13. FE-SEM morphologies and EDS peaks of PTG after corrosion test in 17% EDTA
solution. (a) surface of PTG, (b) EDS peaks of PTG surface.
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