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Abstract
Introduction: This study evaluated the working length
(WL) modification after instrumentation with WaveOne
Primary (Dentsply Maillefer, Ballaigues, Switzerland)
reciprocating files and the incidence of overinstrumenta-
tion in relation to the initial WL. Methods: Thirty-two
root canals of permanent teeth were used. The angles
of curvature of the canalswere calculated on digital radio-
graphs. The initial WL with K-files was transferred to the
matched WaveOne Primary reciprocating files. After glide
paths were established with PathFile (Dentsply Maillefer,
Ballaigues, Switzerland), canals were shaped with Wave-
One Primary referring to the initial WL. The difference
between the postinstrumentation canal length and the
initial canal length was analyzed by using a fiberoptic
inspection microscope. Data were analyzed with
a balanced 2-way factorial analysis of variance (P <
.05). Results: Referring to the initial WL, 24 of 32 Wave-
One Primary files projected beyond the experimental
apical foramen (minimum–maximum, 0.14–0.76 mm).
A significant decrease in the canal length after instrumen-
tation (95% confidence interval ranging from!0.34 mm
to !0.26 mm) was detected. The canal curvature signif-
icantly influenced the WL variation (F1 = 30.65, P< .001).
The interaction between the initial canal length and the
canal curvature was statistically significant (F2 = 4.38,
P = .014). Conclusions: Checking the WL before prepa-
ration of the apical third of the root canal is recommended
when using the new WaveOne NiTi single-file system.
(J Endod 2011;37:1687–1690)
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Nickel titanium (NiTi) rotary instruments were introduced to improve root canal
preparation (1). In clinical practice, these instruments are commonly associated

with a risk of fracture. Fracture may be caused by normal cyclic stresses caused by
bending (fatigue failure) and to shear stresses exceeding the elastic limit of the alloy
caused by torque (ductile failure) (2–4). Both the clinician and the instrumentation
technique used play a significant role in preventing large shear stresses caused by
torque. These stresses dramatically increase when an excessive pressure is applied
on the handpiece (5), when the contact area between the canal walls and the cutting
edge of the instrument widens (6, 7), or when the canal cross-section is smaller
than the nonactive or noncutting tip of the instrument (6, 7). The latter case can
cause what has been described as taper lock, a phenomenon usually occurring with
regularly tapered instruments (8). This risk may be reduced by performing coronal
enlargement (9, 10) and by creating a manual (11, 12) and/or mechanical (13) glide
path before using NiTi rotary instrumentation. However, canal curvature is considered
the predominant risk factor for the instrument fatigue failure because of cyclic normal
stresses caused by bending (1). In this case, little can be done by the clinician to reduce
this type of stresses and, consequently, the risk of the instrument fatigue failure.

A reciprocating motion may decrease the impact of cyclic fatigue on NiTi rotary
instrument life compared with rotational motion (14, 15). The new WaveOne NiTi
single-file system (Fig. 1) has been recently introduced by Dentsply Maillefer (Bal-
laigues, Switzerland). This system is designed to be used with a dedicated reciprocating
motion motor. It consists of 3 single-use files: small (ISO 21 tip and 6% taper) for small
canals, primary (ISO 25 tip and 8% taper) for the majority of canals, and large (ISO 40
and 8% taper) for large canals. The files are manufactured with M-Wire (Dentsply Tulsa
Dental, Tulsa, OK) NiTi alloy (16).

It has been shown that root canal instrumentation leads to changes in working
length (WL) by straightening of the canal during the course of the treatment (17, 18).
Although NiTi rotary instrumentation may lead to a smaller WL change during shaping
procedures (19) compared with stainless-steel instrumentation, the appropriate
determination of WL throughout the entire treatment is still a key factor for successful
endodontic therapy. Davies et al (18) suggested that verifying the WL after early
coronal flaring and late coronal flaring before definitive instrumentation of the apical
segment of the root is the most appropriate action. The new WaveOne single-file
reciprocating system is designed to reach complete shaping with only 1 instrument
used to the full WL. No data are available on the modifications of WL with this
new instrument. Thus, the aim of the study was to analyze the WL variation when
the WaveOne single-file reciprocating system is used and to assess the influence of
overinstrumentation.

Materials and Methods
Thirty-two root canals of extracted permanent teeth with a fully formed apex (first

and second upper molar buccal canals and first and second lower molar mesial canals)
and a set of 8 controls (upper central incisors with relatively straight root canals) were
used. The specimens had not undergone prior endodontic treatment. After debriding the
root surface, specimens were immersed in a 5% solution of NaOCl (Niclor 5; OGNA,
Muggi!o, Italy) for 1 hour and then stored in saline solution until preparation.
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Preoperative radiographs were taken (Planmeca Intra, Helsinki, Finland)
by using phosphor sensor imaging plates, processed, and archived by
dedicated scanner and software interface (OpTime, Soredex, Finland).
After access cavity preparation, the appropriate reference cusp and
root end were flattened by using a grinding/polishing wheel to provide
reproducible and accurate measurements as previously described
(18). The root ends were flattened slightly coronal to the apical foramen.
A flat glass surface was placed in contact with each flattened root end, and
the WL was established by a previously calibrated examiner under micro-
scopic vision (OPMI Pro Ergo; Carl Zeiss, Oberkochen, Germany) at
10" magnification when the tip of a #10 K-file was visible at the root
tip in contact with the glass surface. Afterwards, the silicone stop position
was fixed with cyanoacrylate (Loctite, Henkel, Italy). The WL obtained
with K-files was transferred to WaveOne single files by matching corre-
sponding files. Digital images of K-files and corresponding WaveOne
Primary (Dentsply Maillefer) were acquired by a digital reflex camera
(Canon EOS 350D, 8 Mpx resolution, ISO 100, f/18, 1/60 seconds;
Canon, Tokyo, Japan). For each instrument, 2 measurements were taken
by 2 different examiners (32" 2" 2" 2) for a total of 256 measures
using software Rhino (version 4.0; McNeel, Seattle, WA).

Glide path was achieved with PathFile 1, 2, and 3 (DentsplyMaillefer)
at the full WL as previously determined by using Glyde (Dentsply Maillefer)
as a lubricating agent. The specimens were positioned and blocked onto
ProTrain (Dentsply Maillefer), which is a patented support device for the
in vivo simulation of the endodontic therapy on extracted teeth. The
system allows blocking every type of tooth thanks to the 3 interchangeable
grabs with different diameters; the tooth is blocked in the grab, and the
root is dipped in a conductor gel that simulates the periodontium.

Canals were shaped with WaveOne Primary reciprocating files with
the silicone stop position fixed with cyanoacrylate. Instrumentation was
performed by a different operator previously trained on the new tech-
nique who was blind to the specimens’ root tips. The shaping procedure
was performed with a pecking motion, until reaching the full WL, refer-
ring to the appropriate reference cusp. The WaveOne dedicated recipro-
cating motor was used with the manufacturer configuration setup.
Irrigation was performed as follows with a 30-G needle syringe: 10 mL
of 5% sodium hypochlorite at 50#C (Niclor 5) alternating with 10 mL
of 10% EDTA (Tubuliclean, OGNA). The WaveOne Primary files were
then left in the root canal with the rubber stop in contact with the refer-
ence cusp and fixed with cyanoacrylate. Specimens were then analyzed by
a fiberoptic inspection microscope (FORT GLV 154; FORT, Bergamo,
Italy) with 50" magnification (Fig. 2). The portion of the instrument
visible externally was measured. For each specimen, 2 measurements
were made using software Rhino (version 4.0) for a total of 48 measure-
ments. To calculate the difference between the postinstrumentation canal
length (CLfinal) and the initial canal length (CLinitial), described as the
delta canal length (DCL), for each specimen, the following measured

quantities were considered: WLkf (working Length kf): K-file length,
WLw1 (working length w1): WaveOne length, and projecting length
(PL): length beyond the apex; the following formula was applied as re-
ported in Figure 3: DCL = CLfinal ! CLinitial = (WLw1 ! PL) ! WLkf =
(WLw1 ! WLkf) – PL. For each canal, 8 independent DCL values were
calculated, and 192 (24 " 8) DCL values were finally obtained.

The angles of curvature of the canals were calculated as previously
described (20) and classified as moderate (10#-25#) or severe
(>25#). On the basis of mean WLkf values distribution, canals were
also classified as short (<18 mm), medium (18-19.5 mm), or long
(>19.5 mm). A balanced 2-way factorial analysis of variance with 32
DCL replications for each treatment combination was performed to
evaluate significance of the canal curvature (CC) factor at 2 levels
(moderate and severe) and the canal length (CL) factor at 3 levels
(ie, short, medium, and long) and assess the significance of the inter-
action between the 2 factors. The significance level was set to 5% (P <
.05). All statistical analyses were performed by using the Minitab 15
software package (Minitab Inc, State College, PA).

Results
In the control group, only 3 of the 8 WaveOne Primary files pro-

jected beyond the experimental apical foramenwith amean DCL variation
of 0.1 mm ($ 0.02 mm). Twenty-four of 32 WaveOne Primary files pro-
jected beyond the experimental apical foramen (minimum–maximumPL
range, 0.14–0.76 mm). This large incidence (75%) of overinstrumenta-
tionmay be related to the experimental conditions and the fact that instru-
mentation was accomplished according to the initial WLkf.

Statistical inference on DCL values showed a statistically significant
decrease of the canal length after instrumentation (95% confidence
interval ranging from!0.34 mm to!0.26 mm). Factor CC significantly
influenced the DCL values (F1 = 30.65, P < .001) as confirmed by the
interval plot (Fig. 4). According to the analysis of variance table, the
initial canal length (factor CL) did not significantly influence the DCL
values (F2 = 0.79, P = .456). However, the interaction between the
initial canal length (factor CL) and the canal curvature (factor CC)
was statistically significant for the DCL values (F2 = 4.38, P = .014)
as shown in Figure 5.

Discussion
The present study evidenced that a significant decrease in the WL

may occur after instrumentation with the new reciprocating single file

Figure 1. WaveOne instruments. Small (yellow), primary (red), and large
(black) files.

Figure 2. A microscopic image (50") of specimen #14 with severe canal
curvature where the file projected beyond the experimental apical foramen
(in millimeters).
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WaveOne Primary, mainly because of the straightening of the root canal
curves. These results are in agreement with the findings of other inves-
tigations on WL reduction after root canal shaping with stainless-steel
hand files (21), stainless-steel hand files plus Gates Glidden burs
(18), and NiTi rotary instruments (18, 22). However, it has been
shown that NiTi rotary instrumentation may lead to a considerable,
yet smaller, amount of curve straightening and to a WL decrease
(18, 22). This is probably caused by the superior ability of NiTi
instrumentation to remain centered into the root canal compared
with stainless steel instrumentation (1, 18, 23). Modifications of the
WL during instrumentation are influenced by several important
factors. The original canal anatomy (ie, the canal curvature [17])
and the coronal flaring of root canals (24) were found to be the primary
determining factors. In this study, the canal length and the canal curva-
ture were correlated to the WL decrease. As expected, the interaction of
both factors as well as the canal curvature by itself significantly influ-
enced WL reduction; a severe curvature is more likely to lead to a higher
decrease in the WL. On the contrary, straight canals, such as the ones
used in the control group, did not undergo significant WL modifications
after instrumentation. In case of severe curvature, flaring the coronal
portion of the root canal should be the procedure of choice in order
to facilitate the placement of files into the apical segment (24) and
prevent excessive flexural stress to the Ni-Ti instruments (25, 26). It
has been shown that, in case of severe curvature, the coronal flaring
always leads to a WL decrease independently from the root canal
preparation technique (27). However, WL reduction is higher after
immediate coronal flaring compared with late coronal flaring before
apical preparation (18). NiTi rotary files showed a mean WL decrease
of!0.22 mm after canal preparation, but a less pronounced WL reduc-
tion (!0.14 mm) was evident after late canal flaring. Therefore, it is
highly recommended to check the WL at least twice during root canal

shaping; an initial check is suggested during canal scouting. Canal
scouting is usually performed with #10 K-file when the patency of the
root canal is explored. Afterwards, a glide path is created, either manual
or mechanical (11–13), to prevent NiTi rotary file tip blockage. A
second check of the WL is suggested after canal flaring, before
preparation of the apical portion of the root canal, because the WL is
expected to undergo significant changes. This recommendation is
particularly important when using the new WaveOne single-file recipro-
cating system, which is designed to reach complete shaping with only 1
instrument used to the full WL. In this study, the decrease of the canal
length after instrumentation ranged from !0.34 mm to !0.26 mm
(95% confidence interval). Furthermore, 24 of 32 WaveOne Primary
files projected beyond the experimental apical foramen. The large inci-
dence (75%) of overinstrumentation was simply caused by the fact that
instrumentation was accomplished only according to the initial WL.
Overinstrumentation with NiTi rotary files of augmented taper beyond
the apical foramen may lead to apical transportation (28) and overfill-
ing (29) with defective apical seal control, especially in severely curved
canals. This type of intraoperative complication is a significant predictor
of outcome of the initial endodontic treatment, especially in teeth with
preoperative radiolucency (30). Furthermore, overinstrumentation
may also cause complications such as a greater incidence of postoper-
ative pain (31). The findings of this study confirm the importance of
checking the WL when canal preparation has reached the limit between
medium and apical third of the root canal before instrumentation of the
apical third. Radiographic estimates have been shown to be inaccurate
in determining the correct WL in many clinical situations, probably
because of anatomic variability, and to be associated with the tendency
to underestimation (32). Electronic apex locators showed to be precise
and reliable in more than 90% of cases (33) and are superior in
reducing overestimation of the root canal length (34). Their accuracy
is improved by the flaring of the canal before WL determination (35). In
conclusion, within the limits of this study, checking the WL before prep-
aration of the apical third of the root canal is a highly recommended
strategy when the new WaveOne NiTi single-file system is used.

Acknowledgments
The authors deny any conflicts of interest related to this study.

References
1. Peters OA. Current challenges and concepts in the preparation of root canal systems:

a review. J Endod 2004;30:559–67.

Figure 3. Evaluation of the DCL differences. The continuous line indicates the
length values measured, whereas the dotted line indicates the length values
calculated indirectly. C, canal; D, delta (difference); L, length; P, projecting;
W, working.

Figure 4. A 95% interval plot estimate of the effect of the CC on DCL; the
considerable difference between the confidence intervals highlights the signif-
icance of the CC factor.

Figure 5. An interaction plot for DCL; the gradient variation between the
dotted and continuous lines highlights the significance of the interaction.

3



2. Alapati SB, Brantley WA, Svec TA, Powers JM, Nusstein JM, Daehn GS. SEM obser-
vations of nickel-titanium rotary endodontic instruments that fractured during clin-
ical use. J Endod 2005;31:40–3.

3. Berutti E, Chiandussi G, Gaviglio I, Ibba A. Comparative analysis of torsional and
bending stresses in two mathematical models of nickel-titanium rotary instruments:
proTaper versus ProFile. J Endod 2003;29:15–9.

4. Parashos P, Messer HH. Rotary NiTi instrument fracture and its consequences.
J Endod 2006;32:1031–43.

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

6. Peters OA, Peters CI, Sch€onenberger K, Barbakow F. ProTaper rotary root canal
preparation: assessment of torque and force in relation to canal anatomy. Int Endod
J 2003;36:93–9.

7. 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.

8. 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.

9. 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.

10. Peters OA, Peters CI, Sch€onenberg 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.

11. Pati~no PV, Biedma BM, Li#ebana CR, Cantatore G, Bahillo JG. The influence of amanual
glide path on the separation rate of NiTi rotary instruments. J Endod 2005;31:114–6.

12. Berutti E, Negro AR, Lendini M, Pasqualini D. Influence of manual preflaring and
torque on the failure rate of ProTaper rotary instruments. J Endod 2004;30:228–30.

13. Berutti E, Cantatore G, Castellucci A, et al. Use of nickel-titanium rotary PathFile to
create the glide path: comparison with manual preflaring in simulated root canals.
J Endod 2009;35:408–12.

14. You SY, Bae KS, Baek SH, Kum KY, Shon WJ, Lee W. Lifespan of one nickel-titanium
rotary file with reciprocating motion in curved root canals. J Endod 2010;36:1991–4.

15. Varela-Pati~no P, Iba~nez-P#arraga A, Rivas-Mundi~na B, Cantatore G, Otero XL, Martin-
Biedma B. Alternating versus continuous rotation: a comparative study of the effect
on instrument life. J Endod 2010;36:157–9.

16. Johnson E, Lloyd A, Kuttler S, Namerow K. Comparison between a novel nickel-
titanium alloy and 508 nitinol on the cyclic fatigue life of ProFile 25/.04 rotary
instruments. J Endod 2008;34:1406–9.

17. Weine FS, Kelly RF, Lio PJ. The effect of preparation procedures on original canal
shape and on apical foramen shape. J Endod 1975;1:255–62.

18. Davis RD, Marshall JG, Baumgartner JC. Effect of early coronal flaring on working
length change in curved canals using rotary nickel-titanium versus stainless steel
instruments. J Endod 2002;28:438–42.

19. Glossen CR, Haller RH, Dove SB, del Rio CE. A comparison of root canal prepara-
tions using Ni-Ti hand, Ni-Ti engine-driven, and K-Flex endodontic instruments.
J Endod 1995;21:146–51.

20. Schneider SW. A comparison of canal preparations in straight and curved root
canals. Oral Surg Oral Med Oral Pathol 1971;32:271–5.

21. Farber JP, Bernstein M. The effect of instrumentation on root canal length as
measured with an electronic device. J Endod 1983;9:114–5.

22. Bryant ST, Thompson SA, al-Omari MA, Dummer PM. Shaping ability of ProFile
rotary nickel-titanium instruments with ISO sized tips in simulated root canals:
part 2. Int Endod J 1998;31:282–9.

23. Hartmann MS, Barletta FB, Camargo Fontanella VR, Vanni JR. Canal transportation
after root canal instrumentation: a comparative study with computed tomography.
J Endod 2007;33:962–5.

24. Leeb J. Canal orifice enlargement as related to biomechanical preparation. J Endod
1983;9:463–70.

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

26. Sattapan B, Nervo GJ, Palamara JE, Messer HH. Defects in rotary nickel-titanium files
after clinical use. J Endod 2000;26:161–5.

27. Schroeder KP, Walton RE, Rivera EM. Straight line access and coronal flaring: effect
on canal length. J Endod 2002;28:474–6.

28. Iqbal MK, Firic S, Tulcan J, Karabucak B, Kim S. Comparison of apical transportation
between ProFile and ProTaper NiTi rotary instruments. Int Endod J 2004;37:359–64.

29. Yared GM, Bou Dagher FE. Apical enlargement: influence on overextensions during
in vitro vertical compaction. J Endod 1994;20:269–71.

30. de Chevigny C, Dao TT, Basrani BR, et al. Treatment outcome in endodontics: the
Toronto study—phase 4: initial treatment. J Endod 2008;34:258–63.

31. Pak JG, White SN. Pain prevalence and severity before, during, and after root canal
treatment: a systematic review. J Endod 2011;37:429–38.

32. ElAyouti A, Weiger R, Lost C. The ability of the Root ZX apex locator to reduce
the frequency of overestimated radiographic working length. J Endod 2002;28:
116–9.

33. Gordon MPJ, Chandler NP. Electronic apex locators. Int Endod J 2004;37:425–37.
34. Ravanshad S, Adl A, Anvar J. Effect of working length measurement by electronic

apex locator or radiography on the adequacy of final working length: a randomized
clinical trial. J Endod 2010;36:1753–6.

35. Ibarrola JL, Chapman BL, Howard JH, Knowles KI, Ludlow MO. Effect of preflaring
on Root ZX apex locators. J Endod 1999;25:625–6.

4


	Effect of Canal Length and Curvature on Working Length Alteration with WaveOne Reciprocating Files
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	References




