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bstract
urface modifications of nickel-titanium instruments
uch as electropolishing may reduce fracture incidence
ut could potentially alter the instruments’ mechanical
roperties. We studied the impact of two surface types,
achined and electropolished, of ProTaper shaping

iles on torque and force during simulated root canal
reparation. Pilot holes of 0.5-mm diameter were
rilled perpendicularly through 3-mm thick human den-
in discs and served as standardized simulated root
anals (SSRCs). A total of 300 SSRCs were prepared
ith ProTaper Sx, S1, and S2 instruments using an
utomated testing platform. Maximum torque (in Ncm)
nd maximum force values (in N) were measured. In
hree experimental groups (Sx, S1, and S2) preparation
f SSRCs was performed using electropolished versus
achined instruments in the same dentin disc. For all

hree tested instruments, peak torque was higher for
lectropolished files; apically exerted forces were similar,
xcept for Sx, in which machined instruments developed
igher forces. We conclude that surface treatment by
lectropolishing alters the cutting ability of nickel-titanium
otary instruments. (J Endod 2009;35:102–106)
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02 Boessler et al.
ickel-titanium (NiTi) endodontic instruments were introduced to facilitate instru-
mentation of curved canals with few or no procedural errors. Despite numerous

dvantages, there is concern about the incidence of instrument fractures during root
anal preparation (1). Cyclic fatigueand torsionaloverloadhavebeen identifiedas themain
easons for rotary nickel-titanium instrument fracture (2, 3). Different studies have sug-
ested that cyclic fatigue (flexural and torsional) caused by repeated tensile-compressive
tress plays an important role in the fracture of NiTi instruments (2, 4). Flexural fatigue is
elieved to occur without any visible sign of deformation of the instrument, and the clinician

s not alerted that the instrument might be prone to fracture (2).
Although fractured instruments may not compromise the outcome if treatment is

erformed to a high technical standard (1), retained file fragments may impede micro-
ial control beyond the obstruction. Moreover, excessive removal of tooth structure in
n attempt to retrieve the instrument fragment may be associated with root perforation
nd reduced root strength (5). Therefore, it is important to be aware of the factors that
ay lead to instrument fracture. These include the following: anatomy (4), technical

spects like speed and torque (6), clinical skills (7), frequency of instrument
eusage (8, 9), sterilization (10), instrument size (3), and design (11). In addi-
ion, surface properties may play a role in the fatigue resistance of NiTi-rotary
nstruments (12, 13).

It has been shown that both new and used NiTi instruments show surface defects
ike microfissures, cracks, and machining grooves, which were left on the surface after

anufacturing. Because of the alloy’s pseudoelastic properties, NiTi instruments are
ypically machined and not twisted. Machining of rotary NiTi instruments often results in
surface that is irregular; stressed; plastically deformed; and showing cracks, milling

roves, pits, and fissures and regions of metal rollover (14, 15).
These surface irregularities may act as areas of stress concentration and crack

nitiation during clinical use (16). Failure is then largely a process of crack propaga-
ion. Considering that crack initiation may comprise a major proportion of fatigue life,
esistance to fatigue can be enhanced by a smooth, defect-free surface (16). Various
urface treatment techniques have been tried to create smooth surfaces and thus to
nhance wear resistance of rotary NiTi instruments.

Electropolishing involves the removal of a very thin surface layer by immersing the
aterial in a highly ionic solution with an electric current (17). This process has a

eveling effect, producing a smooth surface with an increased reflectivity (Fig. 1). The
morphous outer layer is removed, leaving a passive surface free of imbedded contam-
nants and work-induced residual stresses (18). Such surface modifications may re-
uce fracture incidence but could potentially alter the instruments’ mechanical prop-
rties. In fact, previous reports indicated that electropolishing may increase the
esistance to cyclic fatigue (12, 13). However, little is known about the effect this
urface treatment has on the cutting of dentin by rotary files.

Hence, the aim of the present study was to determine the impact of two different
urface types (conventionally machined vs electropolished) of ProTaper shaping files
Dentsply Mailleter, Ballaigues, Switzerland) on torque and force during simulated root

anal preparation.
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Materials and Methods
reparation of Standardized Simulated Root Canals

Human third molars free of decay and restorations were selected from
collection of extracted teeth. Teeth had been collected from patients with

heir approval for subsequent in vitro studies and stored in 0.1% thymol
olution at 5°C until use. Dentin disks of 3 mm thickness were prepared as
reviously described (19) using a diamond-coated saw (SP 1600; Leica,

igure 1. Comparison of differently finished ProTaper Sx instruments. Scanning
achined and (B) electropolished condition. Original magnification �1,000. T

ompared with the same parameters recorded for simulated canal 5 (E and F).
). Data are averaged over 10 instruments each.
ussloch, Germany). All discs were inspected under a stereomicroscope c

OE — Volume 35, Number 1, January 2009
Leica Wild M3Z; Wild, Heerbrugg, Switzerland) equipped with an internal
ight source (Intralux 4000; SOWO-DENT, Birmensdorf, Switzerland) for
ossible enamel remnants; specimens showing such remnants were dis-
arded. Spaced out as far as possible, six pilot holes 0.5 mm in diameter
ere drilled perpendicularly through the dentin discs with a stationary drill
nder water cooling. The drill diameter was the smallest one sufficient for a
recise and circular hole; these holes served as standardized simulated root

ron micrographs of both instruments show specific surface textures in the (A)
que and force during preparation of the first simulated canal (C and D) can be
ulated canals were prepared automatically with preset insertion depth (F and
elect
he tor
All sim
anals (SSRCs) for subsequent testing.

Effect of Electropolishing on Torque and Force 103



T

t
g
i
i
e
w
m

w
f
f
d
E
a
u
t

a
3
M
Z
p
o
2
r
T
s
(

s
1
p
0
w

D

a
u
p
c

t
t
c
p

t
(
t
m
t
o
m

N
m

v
0
m

d
s
a

P
c
m
S
t

m
r
p
c

d
m
P
t
d
t
o
s
a
s

a
b
b
t
p
u
f
f

c
c
r
t
b
e
s
i
t
s
(
s

e
d
i
t
s

Basic Research—Technology

1

ested Instruments and Torque Platform
SSRCs were prepared using conventionally machined or elec-

ropolished ProTaper Sx, S1, and S2 shaping instruments (Fig. 1). Each
roup consisted of 10 previously unused instruments; five SSRCs were
nstrumented with each individual rotary. Machined Sx, S1, and S2
nstruments were tested in the same disc (six SSRCs) together with the
lectropolished counterparts. Thus, a total of 300 SSRCs in 50 discs
ere prepared. ProTaper finishing files are not electropolished by the
anufacturer and were thus not tested in this study.

A computer-controlled testing platform described in detail else-
here (20) was used to record values for torque and apically directed

orce. Using data from pilot experiments with manual feed, optimized
eed parameters were programmed for instrument insertion speed and
epth, and rotational speed was preset at 250 rpm using the proprietary
ndotest software (Department of Preventive Dentistry, Periodontology
nd Cariology, University of Zurich, Switzerland) (19). No lubricant was
sed to ensure that the tested mechanical parameters were not affec-
ed (21).

Specimens were then mounted on a specially designed holder
ttached to a strain gauge, which was connected to a preamplifier (A&D
0; Orientec, Tokyo, Japan). A torque sensor (MTTRA 2, with amplifier
icrotest; Microtec Systems, Villingen, Germany) and a motor (Type

SS; Phytron, Gröbenzell, Germany) were mounted on a stable metal
latform, which moved along a low-friction guide rail. The movements
f the instruments into the SSRCs were executed by a linear drive (P01-
380; LinMot, Zürich, Switzerland), which was controlled by Endotest
unning on a Macintosh PowerPC computer (Apple, Cupertino, CA).
he programmed run time for the preparation of a single SSRC was 12
econds; the actual times of canal wall contact were 8 to 10 seconds
Fig. 1).

Data for torque, force, and insertion depth were acquired from the
ensors via three analog channels at a sampling rate of 100 Hz using a
2-bit interface (PCI-MIO-16CE; National Instruments, Austin TX). In
reliminary experiments, measurement accuracy was determined to be
.01 Ncm and 0.1 N. Variables recorded during each measurement
ere stored in a proprietary format for subsequent offline analyses.

ata Analysis
Maximum values for torque and force were calculated offline. Data

nalysis revealed normal distribution, and, hence, paired t tests were
sed to compare group means; analysis of variance was used to com-
are time points (SSRC 1-5) for individual instruments regarding
hanges in torque and force.

Results
Over the course of this study, single rotaries were subjected to a

otal canal preparation time of 40 to 50 seconds in five SSRCs. During
his time, neither torque nor apically directed force changed signifi-
antly (analysis of variance, p � 0.05). Therefore, data for all 50 SSRC
repared by each rotary type were pooled.

Overall, higher maximum torque values were recorded for elec-
ropolished instruments compared with machined counterparts
Fig. 2), with significant differences between corresponding instrument
ypes (paired t test Sx, S1: p � 0.0001; S2: p � 0.01). Highest maxi-
um torque values of 4.89 � 1.31 Ncm were measured using elec-

ropolished Sx instruments, whereas the lowest maximum torque scores
f 1.60 � 0.24 Ncm were recorded when testing machined S2 instru-
ents (Fig. 2).

Maximum apical forces ranged from 9.27�7.74 N to 32.76�14.89
using electropolished and 9.53 � 6.07 N to 90.59 � 16.78 N using

achined instruments, respectively (Fig. 2). Although a paired t test re- m

04 Boessler et al.
ealed no difference between surface types in the S1 and S2 group (p �
.87, p � 0.82), machined Sx instruments showed significantly higher
aximum apical forces than electropolished ones (p � 0.0001, Fig. 1).

Discussion
The aim of this in vitro study was to assess the impact of two

ifferent surface types, machined and electropolished, of ProTaper
haping instruments on their mechanical behavior (maximum torque
nd apically directed force).

Under the conditions of the current study, electropolished
roTaper shaping files generated higher mean maximum torque values
ompared with their conventionally machined counterparts. When
aximum apical force was assessed, differences were found only using

x instruments; machined Sx instruments displayed higher values than
heir electropolished counterparts.

These results suggest that electropolishing NiTi surfaces altered
echanical properties during simulated root canal instrumentation,

esulting in significantly higher mean maximum torque values. Unex-
ectedly, we found that the machined Sx instrument generated signifi-
antly higher values for apical-directed force.

The current study attempted to simulate mechanical conditions
uring root canal preparation in a standardized environment. This
odel (19) allowed the study of the mechanical performance of

roTaper instruments identical in construction but different in surface
reatments. To control the possible biologic variability of the human
entin material (22) used in this study, the two different instrument

ypes were tested in the same disc. Hence, direct comparison of the
btained data for torque and force was possible. On the other hand, this
tudy does not completely mirror a clinical situation because the shape
nd curvature of a root canal and real canal length could neither be
tandardized nor reproduced by these simulations.

The amount of torque generated depends on the size of the contact
reas between the instrument and the canal walls (23). Contact areas
etween instruments and the simulated canal walls were standardized
y positioning and introducing each instrument into the canal in exactly

he same manner; the computer then controlled canal preparation to a
reselected depth. Clinically, however, the size of the contact area is
nknown and can vary after various instrumentation sequences; there-

ore, the absolute torque values measured in this experiment will vary
rom those seen preparing any given root canal.

Because surface defects of new instruments have been identified to
ontribute to instrument fracture (13, 24), electropolishing was re-
ently introduced by some manufacturers to improve the fatigue life of
otary NiTi instruments. As stated before, electropolishing is a con-
rolled electrochemical removal of surface roughness and is performed
y immersing the instrument in a specially formulated, usually acidic,
lectrolyte solution and passing a direct electric current to facilitate a
elective dissolution of the material (17). Thus, electropolishing elim-
nates or reduces the number and extent of surface defects. Experimen-
al data suggest that the removal of machining grooves, resulting in a
moother surface, can improve the fracture-related fatigue resistance
12, 13). However, others did not find an extension of instrument life
pans, specifically low-cycle fatigue life, by electropolishing (25–27).

The leveling effect of electropolishing may dull the formerly sharp
dges of the instrument, which, in turn, may lead to higher torque values
uring root canal preparation because of greater contact areas. This is

n agreement with the findings of the current study. Our results indicate
hat electropolished surfaces did alter mechanical properties during
imulated root canal instrumentation, resulting in significantly higher

ean maximum torque values.

JOE — Volume 35, Number 1, January 2009
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An additional unexpected finding was that machined Sx instru-
ents showed significantly higher values for apical-directed force than

lectropolished ones. Apical force develops according to the insertion
peed and instrument cutting efficiency; because the insertion speed
as preselected in this experiment, one possible reason could be re-
uced cutting efficacy. On the other hand, it was noted that the SSRSs
ppeared to be larger after preparation with machined Sx compared
ith electropolished ones. This corresponded with oscillations in the

orque record compared with a more uniform torque increase in the
lectropolished Sx instruments.

One reason for this effect may be that threading in occurs differ-
ntly in files with different surface textures (28). This appears to be the
irst study evaluating the effects of different surface treatments on the
orque and force values obtained during standardized canal preparation
ith ProTaper shaping files. Anderson et al. (13) investigated the be-
avior of electropolished and machined size #30 .04 Endowave (J
orita, Tokyo, Japan; in the United States, it is sold as EndoSequence;
rasselerUSA, Savannah, GA), Race (FKG, La Chaux-De-Fonds, Switzer-

and), and Profile (Denstply Tulsa Dental, Tulsa, OK) instruments sub-
ected to flexural and torsional stress. Under the conditions of their

igure 2. The maximum mean torque and forces of machined and electropol
nstruments each so that n � 50; significant differences (p � 0.05) indicated
xperiments, electropolishing prolonged fatigue life of NiTi instru- p

OE — Volume 35, Number 1, January 2009
ents, whereas comparatively little effect on torsional strength was
ecorded (13).

In contrast, Bui et al. (25) showed that electropolishing of size
25.04 ProFile instruments significantly reduced their resistance to
yclic fatigue but did not affect torsional resistance or cutting efficiency.
n those experiments, penetration of the instruments in simulated ca-
als in plastic blocks was used to determine cutting efficacy.

Herold et al. (26), in an ex vivo experiment, studied the effect
f electropolishing on the development of microfractures in
ndoSequence instruments and compared it with untreated ProFile in-
truments. Their results indicate that electropolishing did not prevent
he development of microfractures in EndoSequence instruments,
hereas no such fractures could be detected in ProFile instruments.

In fact, EndoSequence fractures were recorded significantly more
ften using both 600 rpm (as recommended by the manufacturer) as
ell as 300 rpm compared with ProFile used at 300 rpm. However, this
odel may introduce more variables because of anatomic variations of

he extracted teeth that were prepared. In the present study, it was
ttempted to remove the variability associated with the preparation of
xtracted teeth while using dentin as a substrate as compared with

ProTaper instruments. Data are pooled from all five simulated canals and 10
s.
ished
lastic blocks (25).

Effect of Electropolishing on Torque and Force 105
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The observed difference in the effect of electropolishing specifi-
ally on fatigue resistance may be explained by differences in the pro-
esses used by different manufacturers and instrument cross-sections
ie, a stiffer and inherently less fatigue-resistant instrument with a sim-
le cross-section may not benefit as much from electropolishing com-
ared with a flexible one with a difficult to manufacture cross-section).

During manufacture of NiTi rotaries, electropolishing is a tech-
ique-sensitive process, and some variation in published data (13, 25,
7) could be explained by that fact. Based on the mechanism of action,
t is very likely that electropolishing alters the shape of the NiTi instru-

ent cutting flutes. One way to avoid possible instrument dulling and
ny subsequent loss of cutting ability or cutting efficiency could be
hanges in cross-sectional design before electropolishing is applied. In
he present experiment, there was no observable change in cutting
arameters during the five simulated canal preparations. Therefore, we
onclude that, although there were differences in torque and force
ntroduced among the tested instruments, no effect on instrument lon-
evity was recorded. Moreover, within the limitation of the present in
itro setting, it appears that electropolishing of ProTaper Shaping in-
truments leads to increased torque during preparation of simulated
oot canals.

Acknowledgments
We would like to thank Dentsply Maillefer, Ballaigues, Switzer-

and, for kindly donating rotary files used in this study.

References
1. Spili P, Parashos P, Messer HH. The impact of instrument fracture on outcome of

endodontic treatment. J Endod 2005;31:845–50.
2. Sattapan B, Nervo G, Palamara J, Messer HH. Defects in rotary nickel-titanium files

after clinical use. J Endod 2000;26:161–5.
3. Ullmann C, Peters O. Effect of cyclic fatigue on static fracture loads in Protaper

nickel-titanium rotary instruments. J Endod 2005;31:183– 6.
4. Pruett J, Clement D, Carnes DJ. Cyclic fatigue testing of nickel-titanium endodontic

instruments. J Endod 1997;23:77– 85.
5. Souter N, Messer HH. Complications associated with fractured file removal using an

ultrasonic technique. J Endod 2005;31:450 –2.
6. Gambarini G. Cyclic fatigue of nickel-titanium rotary instruments after clinical use

with low- and high-torque endodontic motors. J Endod 2001;27:772– 4.
7. Yared G, Bou Dagher FE, Machtou P. Influence of rotational speed, torque and

operator’s proficiency on Profile failures. Int Endod J 2001;34:47–53.
8. Yared G, Bou Dagher FE, Machtou P. Cyclic fatigue of Profile rotary instruments after
clinical use. Int Endod J 2000;33:204 –7.

06 Boessler et al.
9. Gambarini G. Cyclic fatigue of Profile rotary instruments after prolonged clinical use.
Int Endod J 2001;34:386 –9.

0. Peters OA, Roehlike J, Baumann MA. Effect of immersion in sodium hypochlorite on
torque and fatigue resistance of nickel-titanium instruments. J Endod 2007;
33:589 –93.

1. Thompson S, Dummer PM. Shaping ability of Profile.04 taper series 29 rotary nickel-
titanium instruments in simulated root canals. Part 2. Int Endod J 1997;30:8 –15.

2. Tripi T, Bonaccorso A, Condorelli G. Cyclic fatigue of different nickel-titanium end-
odontic rotary instruments. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2006;102:e106 –14.

3. Anderson M, Price J, Parashos P. Fracture resistance of electropolished rotary nickel-
titanium endodontic instruments. J Endod 2007;33:1212– 6.

4. Eggert C, Peters O, Barbakow F. Wear of nickel-titanium lightspeed instruments
evaluated by scanning electron microscopy. J Endod 1999;25:494 –7.

5. Alapati S, Brantley W, Svec T, Powers J, Nusstein J, Daehn G. SEM observations of
nickel-titanium rotary endodontic instruments that fractured during clinical use.
J Endod 2005;31:40 –3.

6. Kuhn G, Tavernier B, Jordan L. Influence of structure on nickel-titanium endodontic
instruments failure. J Endod 2001;27:516 –20.

7. Pohl M, Heßing C, Frenzel J. Electrolytic processing of NiTi shape memory alloys. Mat
Sci Eng A 2004:191–9.

8. Callister W. Materials Science and Engineering. An Introduction. New York: John
Wiley & Sons, Inc; 2000:223– 4.

9. Boessler C, Peters O, Zehnder M. Impact of lubricant parameters on rotary instru-
ment torque and force. J Endod 2007;33:280 –3.

0. Peters O, Barbakow F. Dynamic torque and apical forces of Profile.04 rotary instru-
ments during preparation of curved canals. Int Endod J 2002;35:379 – 89.

1. Shen Y, Haapasalo M. Three-dimensional analysis of cutting behavior of nickel-
titanium rotary instruments by microcomputed tomography. J Endod 2008;
34:606 –10.

2. Kinney JH, Marshall S, Marshall G. The mechanical properties of human dentin: a
critical review and re-evaluation of the dental literature. Crit Rev Oral Biol Med
2003;14:13–29.

3. Blum J, Machtou P, Micallef J. Location of contact areas on rotary Profile instru-
ments in relationship to the forces developed during mechanical preparation on
extracted teeth. Int Endod J 1999;32:108 –14.

4. Rapisarda E, Bonaccorso A, Tripi TR, Condorelli G, Torrisi L. Wear of nickel-titanium
endodontic instruments evaluated by scanning electron microscopy: effect of ion
implantation. J Endod 2001;27:588 –92.

5. Bui T, Mitchell J, Baumgartner J. Effect of electropolishing Profile nickel-titanium
rotary instruments on cyclic fatigue resistance, torsional resistance, and cutting ef-
ficiency. J Endod 2008;34:190 –3.

6. Herold KS, Johnson BR, Wenckus CS. A scanning electron microscopy evaluation of
microfractures, deformation and separation in EndoSequence and Profile nickel-
titanium rotary files using an extracted molar tooth model. J Endod 2007;33:712– 4.

7. Cheung GS, Shen Y, Darvell B. Does electropolishing improve the low-cycle fatigue
behavior of a nickel-titanium rotary instrument in hypochlorite? J Endod 2007;
33:1217–21.

8. Blum J, Machtou P, Ruddle C, Micallef J. Analysis of mechanical preparations in
extracted teeth using protaper rotary instruments: value of the safety quotient. J

Endod 2003;29:567–75.

JOE — Volume 35, Number 1, January 2009


	The Effect of Electropolishing on Torque and Force During Simulated Root Canal Preparation with ProTaper Shaping Files
	Materials and Methods
	Preparation of Standardized Simulated Root Canals
	Tested Instruments and Torque Platform
	Data Analysis

	Results
	Discussion
	Acknowledgments
	References


