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bstract
he aim of this study was to compare the effective
haping time and number of rotations required by an
ndodontist working with hand and rotary ProTaper
nstruments to completely shape simulated root canals.
ighty Endo Training Blocks (curved canal shape) were
sed. Manual preflaring was performed with K-Flexo-
iles #08-10-12-15-17 and #20 Nitiflex at a working
ength of 18 mm. Specimens were then randomly as-
igned to 2 different groups (n � 40); group 1 was
haped by using hand ProTaper and group 2 with
roTaper rotary. The number of rotations made in the
anal and the effective time required to achieve com-
lete canal shaping were recorded for each instrument.
ifferences between groups were analyzed with the
onparametric Mann-Whitney U test (P � .05). Hand
roTaper required significantly fewer rotations (P �

001) than rotary ProTaper, whereas the effective work-
ng time to fully shape the simulated canal was signif-
cantly higher (P � .001) with hand ProTaper. (J Endod
008;34:314 –317)
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and instruments, nickel-titanium, ProTaper, rotary in-
truments
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ickel-titanium (NiTi) rotary instruments were introduced to improve root canal
preparation. In clinical practice, these instruments might suffer from a risk of

racture, mainly as a result of flexural (fatigue fracture) and torsional (shear failure)
tresses (1–3). Fatigue fracture is caused by crack initiation at the surface, which
roceeds intergranularly when the instrument is rotating within a curved space (3).
lexural stresses depend on the root canal anatomy and on its angle and radius of
urvature; thus they are not significantly influenced by the clinician. Canal curvature is
uspected to be the predominant risk factor for instrument failure; thus it has been
ypothesized that when working in a curved canal, the instrument should perform as

ew rotations as possible to enable complete shaping to be achieved (4 –7). Shear
ailure might result from torsional stresses exceeding the elastic limit of the alloy,
roducing plastic deformation and, ultimately, fracture (3). Torsional stresses might
ramatically increase if there is excessive pressure on the handpiece (8), a wide contact
urface between the canal walls and the cutting edge of the instrument (9, 10), or if the
anal section is smaller than the dimension of the nonactive tip of the instrument (9,
0), which can cause what has been described as taper lock, especially with regularly

apered instruments (11).
The ProTaper System is also available in the form of hand-operated instruments

ith identical design to the rotary instruments. They are recommended for use in
eaming or “modified balanced forces” motion (12). The mechanical stresses acting on
 hand-operated instrument might differ from those on engine-driven instruments.
ngine-driven instruments operate in continuous rotation and are mainly subjected to
nidirectional torque; hand ProTaper (HPT) instruments can be used in alternated
lockwise and counterclockwise motion. Preliminary studies on the failure mode of
PT instruments indicated that shear failure caused by torsional stresses was prevalent,
hereas rotary ProTaper (RPT) instruments were more affected by fatigue failure (13,
4). Furthermore, the 2 types of ProTaper instruments appeared to differ in terms of
orking time and number of rotations required to completely shape the root canal,
lthough no systematic data are yet available. The objective of this study was to compare
he working time and number of rotations of HPT and RPT Protaper instruments re-
uired to achieve complete shaping of simulated root canals.

Materials and Methods
Eighty Endo Training Blocks ISO 15 (Dentsply Maillefer, Ballaigues, Switzerland),

% taper, 10-mm radius of curvature and 20-degree angle of curvature, were mounted
n a support in a stable vertical position. For each specimen, manual preflaring with
-Flexofiles (Dentsply Maillefer) #08-10-12-15-17 and #20 Nitiflex (Dentsply
aillefer) was performed by an endodontist at 18-mm working length. Specimens were

hen randomly assigned to 2 different groups (n � 40) by using a random numbers
able.

Each specimen in group 1 was shaped with new HPT instruments (Dentsply
aillefer) S1, S2, F1, F2, F3 at the working length by using the reaming technique,

ccomplished with bidirectional motion. Each specimen in group 2 was shaped with
ew RPT instruments (Dentsply Maillefer) S1, S2, F1, F2, F3 at the working length by
sing an endodontic engine (X-Smart; Dentsply Maillefer) with a 16:1 contra-angle at
he suggested setting (300 rpm on display, 4 Ncm). In both groups, Glyde-Prep
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Dentsply Maillefer) was used as lubricant, and canal patency was fre-
uently checked with a K-Flexofile #10 (Dentsply Maillefer). A notch
as made on the top of the handle of each HPT instrument; a profes-

ional video camera (Sony DXC-C33P; Sony Co, Tokyo, Japan) was
ositioned so as to view the handle along the axis of the instrument, and
he number of complete rotations was recorded, adding clockwise and
ounterclockwise quarter rotations.

The number of rotations for each RPT was calculated from the
easurement of the real speed in function of the “speed on display” and

he “range of external applied torque” (0 – 4 Ncm) furnished by the
anufacturer (15). The deviation of real speed from display speed

anged from 0.7%–11.2%, with a mean real speed of 282.46 rpm,
quivalent to 4.7 rotations per second.

The effective working time of each instrument (considering only
he operative phases, when the instrument was effectively working in-
ide the simulated root canal) was recorded with an electronic chro-
ograph (PM 665; PHILIPS, Best, The Netherlands), approximated to
he first decimal unit.

The Kolmogorov-Smirnov for normality test revealed a non-nor-
al data distribution. For this reason, differences among groups were

nalyzed with the nonparametric Mann-Whitney U test. Differences were
onsidered statistically significant when P � .05. All statistical analyses
ere performed with the SPSS for Windows 12.0 software package
SPSS, Inc, Chicago, IL).

Results
Descriptive statistics of the number of rounds are summarized in

able 1, whereas Table 2 reports the results concerning the effective
orking time for each instrument. RPT instruments achieved complete

haping in a significantly shorter time (P � .001) but with a greater
umber of rotations (P � .001) than HPT. The mean total effective
orking time to completely shape a simulated root canal was 169.3

econds with the HPT series, compared with 36 seconds with the RPT
eries of instruments. No instrument fractures occurred in either group.

ABLE 1. HPT (n � 40) vs RPT (n � 40): Number of Rotations Required to Ac

Group
S1 S2

Hand Rotary Hand Rotary

Mean 7.4 39.2 3.5 19.5
Standard

deviation
1.3 9.4 1.1 3.6

Median 7.5 38 3.3 18.7
Minimum 5 21.8 2 13.7
Maximum 9 56.7 6 25.9
Upper 95% CI 6.79 35.1 2.95 17.88
Lower 95% CI 8.30 42.33 4.74 21.15

I, confidence interval; HPT, hand ProTaper; RPT, rotary ProTaper.

ABLE 2. HPT (n � 40) vs RPT (n � 40): Time (seconds) to Reach Complete

Group
S1 S2

Hand Rotary Hand Rotary

Mean 45 8.3 20.9 4.1
Standard

deviation
11 2 7 0.8

Median 43 8.1 20.6 4
Minimum 30.2 4.6 9.8 2.9
Maximum 69.6 12.1 35 5.5
Upper 95% CI 40.17 7.47 17.85 3.81
Lower 95% CI 48.39 9.78 24.12 4.92
I, confidence interval; HPT, hand ProTaper; RPT, rotary ProTaper.
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Discussion
The NiTi ProTaper system comprises 5 instruments with multiple

aper design. The shaping files are designed for the purpose of enlarging
he coronal and middle third of the root canal. The finishing files pre-
are the apical third after most of the dentin has been removed with the
haping files. ProTapers are at present the only multiple taper instru-
ents that are available in both engine-driven and hand-operated ver-

ions; the study evidences the significant difference in working time and
umber of rotations between the engine-driven and hand-operated ver-
ions. Hand instruments perform complete shaping with significantly
ewer rotations, but they take longer.

This difference might partially explain the current paucity of liter-
ture concerning HPT, in particular the scarce understanding of differ-
nt failure modes compared with RPT. Cheung et al (13) evidenced
imilar failure rates (14% of instruments fractured in both groups) for
PT and RPT after clinical use, but the failure mode appeared to be very
ifferent. Shear failure was predominant in HPT, with circular abrasion
arks on the fracture surface, surrounding a central area of micro-

copic dimples. The majority of the RPT of the same brand showed
vident signs of fatigue failure, with clusters of short, near-parallel stri-
tion marks. The prevalent fatigue fracture in the RPT group could be
ue to the higher number of load cycles, subjecting the material to
epeated stretching-compressive cycles when operating within a curved
anal (16, 17). This factor is considered the main determinant of fatigue
ife (18); thus it has been hypothesized that when working in a curved
anal, the instrument should perform as few rotations as possible to
chieve proper shaping (4 –7).

In our study, the use of HPT fulfilled this criterion. Furthermore,
ome HPT instruments (7%) were discarded while still intact because
hey manifested unwinding of flutes, which rarely occurred with rotary
nstruments. These results confirmed the very low tendency of RPT to
how warnings signs before fracture (2, 19). Analyses were also con-
ucted on the same batch of HPT instruments, with the aim of evaluating

Complete Shaping with Each Instrument

F1 F2 F3

Rotary Hand Rotary Hand Rotary

22.7 7.1 45.8 7.3 42.1
5 1.5 9.1 1.2 9

22.2 7 45.7 7 40.5
15 4.5 32.4 5 31.9
35.2 9.5 68.1 9 60.3
20.52 6.43 41.86 6.77 30.14
24.85 8.21 48.59 8.21 44.92

ng with Each Instrument

F1 F2 F3

Rotary Hand Rotary Hand Rotary

4.8 42.6 9.8 47.7 9
1.1 11.6 1.9 8.6 1.9

4.7 43 9.7 48.9 8.6
3.2 25.6 6.9 34.5 6.8
7.5 68.4 14.5 65 12.8
4.37 37.51 8.91 43.96 8.11
5.82 46.32 11.02 50.29 10.27
hieve

Hand

3.3
1.2

3
2
6
2.78
4.69
Shapi

Hand

21.6
8.5

23
8.8

44.4
17.85
25.50
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he type and location of defects through scanning electron microscopy
ractographic examination (14). Of the discarded instruments, 16%,
ither intact or broken, were affected by shear failure, whereas 6%
ailed as a result of fatigue. The most frequently discarded instrument
as S1 followed by F1. S1 instruments also evidenced the highest overall
efect rate, probably because S1 is the first instrument to work in the
oot canal, when most dentin removal is required, and thus it is sub-
ected to the highest mechanical stress. The apical third of the root canal
as the most frequent site of fracture.

At fractographic analysis, HPT showed peculiar signs of axial crack
atterns on the surface. An HPT instrument starts to rotate when the
oment of force is sufficient to overcome the static friction and the
ork required to cut the dentin away from the root canal wall (13). On

he contrary, the RPT instrument is already rotating before entering the
oot canal and thus must only overcome kinetic friction, which is always
ower than static friction (20). This could explain the type of defect
videnced in HPT and their prevalent susceptibility to torsional stresses.
n this study, HPTs were used with a reaming technique, alternating
lockwise and anticlockwise motion. As has been shown with the bal-
nced forces technique (21), the anticlockwise phase during the use of
NiTi file might decrease the instrument’s susceptibility to mechanical

tress (22), while respecting root canal anatomy (21).
The life of a NiTi rotary instrument is directly proportional to the

tresses it undergoes while working inside the canal; thus each type of
nstrument appears to have an expected average life (23–25). One of
he operator’s main concerns when using NiTi instruments, whether
otary or hand-operated, is to avoid their fracture inside the root canal.
ecause rotary instruments are at risk of both torsional and flexural

racture (1), the clinician should control their determinants; the oper-
tor’s experience and sensitivity play relevant roles in preventing tor-
ional stresses. It has been demonstrated that lack of experience is a
ajor risk factor in rotary file separation (11, 26 –29), and the time

equired for root canal preparation depends inversely on experience
30). Thus the inexperienced clinician tends to perform a larger num-
er of rotations within the curve.

A wide contact surface between canal wall and the instrument’s cutting
dge (11) represents another risk factor for torsional fracture. This risk
ight be reduced by performing coronal enlargement (31, 32) and manual

reflaring before using NiTi rotary instrumentation (33, 34).
Flexural stresses depend on the root canal anatomy (4 –7) and on

ts angle and radius of curvature. Although manual preflaring and prior
oronal enlargement might somewhat enhance the performance of NiTi
iles in a situation of complex root canal anatomy, this factor cannot be
ignificantly influenced by the clinician. Canal curvature and number of
tretching-compressive cycles appear to be important factors that in-
rease the risk of instrument failure; thus fewer rotations within a curve
ould reduce harmful patterns of cyclic fatigue stress accumulation (1,
–7).

The mean overall working time (effective) was significantly longer
ith HPT (169.3 seconds, almost 5 times as long as with RPT). In our
pinion, this difference does not significantly affect the length of the
linical session, whereas it is beneficial for cleaning of the root canal,
ncreasing the time of contact between the irrigants and their substrate.

In conclusion, within the limits of this study, HPT required a longer
ime but fewer rotations to shape the simulated root canal compared
ith RPT.

Acknowledgments
The authors gratefully thank Dentsply Maillefer Co Laborato-

ies, Ballaigues, Switzerland, for valuable support, in particular Mr

ilbert Rota, Project Manager, for special cooperation.

16 Pasqualini et al.
References
1. Sattapan B, Nervo GJ, Palamara JE, Messer HH. Defects in rotary nickel-titanium files

after clinical use. J Endod 2000;26:161–5.
2. Shen Y, Cheung GS, Bian Z, Peng B. Comparison of defects in Profile and ProTaper

systems after clinical use. J Endod 2006;32:61–5.
3. Cheung GS, Peng B, Bian Z, Shen Y, Darvell BW. Defects in ProTaper S1 instru-

ments after clinical use: fractographic examination. Int Endod J 2005;38:
802–9.

4. Pruett JP, Clement DJ, Carnes DL Jr. Cyclic fatigue testing of nickel-titanium endodon-
tic instruments. J Endod 1997;23:77– 85.

5. Zelada G, Valera P, Biedma MB, Bahìllo JG, Magàn F, Ahn S. The effect of rotational
speed and the curvature of root canals on the breakage of rotary endodontic instru-
ments. J Endod 2002;28:540 –2.

6. Kuhn G, Jordan L. Fatigue and mechanical properties of nickel-titanium testing end-
odontic instruments. J Endod 2002;28:716 –20.

7. Biedma MB, Zelada G, Varela Patiño P, et al. Factors influencing the fracture of
nickel-titanium rotary instruments. Int Endod J 2003;36:262– 6.

8. Kobayashi C, Yoshioka T, Suda H. A new engine-driven canal preparation system with
electronic canal measuring capability. J Endod 1997;23:751– 4.

9. Blum JY, Cohen P, Machtou P, Micallet JP. Analysis of forces developed during
mechanical preparation of extracted teeth using ProFile NiTi rotary instruments. Int
Endod J 1999;32:24 –31.

0. Peters OA, Peters CI, Schönenberg K, Barbakow F. ProTaper rotary root canal prep-
aration: assessment of torque and force in relation to canal anatomy. Int Endod J
2003;36:93–9.

1. Yared GM, Bou Dagher FE, Machtou P. Influence of rotational speed, torque and
operator’s proficiency on ProFile failure. Int Endod J 2001;34:47–53.

2. Tseng PSK. Root canal preparation with hand ProTaper. In: Wey SHY, ed. Contem-
porary endodontics. Hong Kong, China: Dentsply Asia, 2004:14 – 6.

3. Cheung GSP, Bian Z, Shen Y, Peng B, Darvell BW. Comparison of defects in ProTaper
hand-operated and engine-driven instruments after clinical use. Int Endod J 2007;
40:169 –78.

4. Shen Y, Bian Z, Cheung GSP, Peng B. Analysis of defects in ProTaper hand-operated
instruments after clinical use. J Endod 2007;33:287–90.

5. Feuille de Laboratoire F806.501. X-Smart measurement of the real speed in function
of the speed on display and the external applied torque. Nr Travail 07/048, 08 mai
2007, Dentsply Maillefer Laboratories, Baillagues, Switzerland.

6. Turpin YL, Chagneau F, Vulcain JM. Impact of two theoretical cross-sections on
torsional and bending stresses of nickel-titanium root canal instrument models. J
Endod 2000;26:414 –7.

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

8. Suresh S. Fatigue of materials. 2nd ed. Cambridge, UK: Cambridge University Press,
1998;256 – 80.

9. Ankrum MT, Hartwell GR, Truitt JE. K3 Endo, ProTaper, and Profile systems:
breakage and distortion in severely curved roots of molars. J Endod 2004;
30:234 –7.

0. Blatt FJ. Modern physics. New York: McGraw-Hill, 1992.
1. Roane JB, Sabala CL, Duncanson MG Jr. The “balance force” concept for instrumen-

tation of curved canals. J Endod 1985;11:203–11.
2. Walia H, Brantly W, Gerstein H. An initial investigation of the bending and torsional

properties of Nitinol root canal files. J Endod 1988;14:346 –51.
3. Zuolo MI, Walton RE. Instrument deterioration with usage: nickel-titanium vs. stain-

less steel. Quintessence International 1997;28:397– 402.
4. Yared GM, Bou Dagher FE, Machtou P. Cyclic fatigue of ProFile rotary instruments

after simulated clinical use. Int Endod J 1999;32:115–9.
5. Gambarini G. Cyclic fatigue of ProFile rotary instruments after prolonged clinical use.

Int Endod J 2001;34:386 –9.
6. Barbakow F, Lutz F. The Lightspeed preparation technique evaluated by Swiss

clinicians after attenging continuing education courses. Int Endod J 1997;
30:46 –50.

7. Mandel E, Adib-Yazol M, Benhamou L-M, Lachkar T, Mesqouez C, Sobel M. Rotary
NiTi ProFile system for preparing curved canals in resin blocks: influence of operator
on instruments breakage. Int Endod J 1999;32:436 – 43.

8. Yared GM, Bou Dagher FE, Machtou P, Kulkami GK. Influence of rotational speed,
torque and operator’s proficiency on failure of Greater Taper files. Int Endod J
2002;35:7–12.

9. Yared GM, Bou Dagher FE, Kulkami GK. Influence of torque control motors and the
operator’s proficiency on ProTaper failure. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2003;96:220 –33.

0. Mesgouez C, Rilliard L, Matossian L, Nassiri K, Mandel E. Influence of operator
experience on canal preparation time when using the rotary Ni-Ti ProFile system in

simulated curved canals. Int Endod J 2003;36:161–5.

JOE — Volume 34, Number 3, March 2008



3

3

3

3

Basic Research—Technology

J

1. Roland DD, Andelin WE, Browning DF, Hsu GH, Torabinejad M. The effect of pre-
flaring on the rates of separation for 0.04 taper nickel-titanium rotary instruments. J
Endod 2002;28:543–5.

2. Peters OA, Peters CI, Schönenberg K, Barbakow F. ProTaper Rotary root canal prep-
aration: effects of canal anatomy on final shape analysed by micro CT. Int Endod J

2003;36:86 –92.

OE — Volume 34, Number 3, March 2008
3. Berutti E, Negro AR, Lendini M, Pasqualini D. Influence of manual preflaring
and torque on the failure rate of ProTaper instruments. J Endod 2004;30:
228 –30.

4. Varela Patiño P, Biedma MB, Rodriguez Liebana C, Cantatore G, Bahillo JG. The
influence of a manual glide path on the separation rate of NiTi rotary instruments. J

Endod 2005;31:114 – 6.

Comparison of Hand-operated and Rotary ProTaper Instruments 317


	Hand-operated and Rotary ProTaper Instruments: A Comparison of Working Time and Number of Rotations in Simulated Root Canals
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	References


