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Abstract

Introduction: Taper is a factor that determines final
root canal dimensions and, consequently, the dimen-
sions of the space for the cleaning action of irrigants.
Therefore, the aim of the present study was to investi-
gate the influence of taper on root canal cleanliness.
Methods: Root canals of 45 mandibular incisors were
divided into 3 groups and prepared with GT rotary files
to apical preparation size 30 and final taper 0.04, 0.06,
and 0.08, respectively. Irrigation with 2.5% NaOCl was
performed after each file. The final irrigation sequence
was 10 mL 17% ethylenediaminetetraacetic acid, fol-
lowed by 10 mL 2.5% NaOCl and 10 mL saline solution.
The presence of debris and smear layer on root canal
walls was evaluated under the scanning electron micro-
scope with the use of a 4-category scale system.
Results: The presence of debris was minimal in all
groups. Statistical analysis for the presence of smear
layer showed no significant differences between the
groups, whereas a significant difference was detected
between the apical and middle thirds of each group.
Conclusions: Under the conditions of this study, root
canal preparation with tapers 0.04, 0.06, or 0.08 did
not affect canal cleanliness. Debris removal was almost
complete for all tapers, whereas smear layer was not
removed, especially from the apical part of the canals.
(J Endod 2011;37:871–874)

Key Words
Debris, EDTA, root canal preparation, root canal taper,
rotary NiTi instruments, smear layer
*From the Department of Endodontics, Faculty of Dentistry,
University of Athens, Athens; and †Private Practice limited to
endodontics, Athens, Greece.

The research was funded by the Athens University Research
Fund (code number 70/4/56.90.5782).

Address requests for reprints to Dr Ioanna S. Arvaniti,
University of Athens, Department of Endodontics, 2 Thivon
St, Athens, Greece. E-mail address: iarvaniti@yahoo.com
0099-2399/$ - see front matter

Copyright ª 2011 American Association of Endodontists.
doi:10.1016/j.joen.2011.02.025

JOE — Volume 37, Number 6, June 2011
After its mechanical preparation, root canal is a space where the irrigation fluids are
placed to express their cleaning action. The dimensions of this space determine the

irrigants’ volume and, consequently, their efficacy. In 1965, Wandelt (1) stated that only
a small and ineffective volume of a chelator can be placed in narrow root canals. In
a recent study, Brunson et al (2) confirmed Wandelt’s statement, showing that an
increase in root canal dimensions leads to an increase in the mean volume of irrigant
inside the canal. The clinician has the ability to alter root canal dimensions by changing
the final apical preparation size and/or its taper.

In the era of ISO manufactured endodontic instruments, keeping the apical prep-
aration as wide as possible was believed to be the only way for the irrigation fluids to
reach and reduce the microbial population from the critical apical 3 mm of the root
canal, thus increasing its cleanliness (3–7). Today, the manufacturers of nickel-
titanium rotary systems believe that apical preparation should be kept as narrow as
possible while increasing root canal taper. This decreases the preparation errors
and makes root canal obturation easier and more efficient, but it also creates a greater
deposit for the irrigation fluids and at the same time leads to cutting a larger amount of
dentin from the canal walls, thus producing a cleaner root canal (8). Although this
hypothesis seems reasonable, it has little scientific evidence; it is not yet proven whether
an increase in taper leads to cleaner root canals. In a recent study, Brunson et al (2)
showed that the increase in apical preparation size and taper leads to an increase in
mean irrigant volume inside the canal. However, these investigators did not study the
effect of increased irrigant volume on root canal cleanliness. Therefore, the purpose
of the present study was to investigate the influence of taper on root canal cleanliness,
which was assessed by the presence of debris and smear layer in the middle and apical
thirds of canals prepared with 3 different tapers. The null hypothesis was that the
increase in taper does not affect root canal cleanliness.

Materials and Methods
Forty-five freshly-extracted mandibular incisors stored in 10% formalin were used

for this study. Before preparation, all teeth were radiographed in buccolingual direction
to ensure they had 1 straight root canal. The teeth were cut perpendicularly to their long
axis by using a diamond disk 10 mm from the root tip. Patency of the root canals was
ensured by using #10 K-file (Dentsply/Maillefer, Ballaigues, Switzerland). Finally,
a small amount of Carbowax (Dow Chemical Co, Midland, MI) was placed on each
root tip.

The roots were randomly divided into 3 experimental groups (n = 15). Root
canal instrumentation was performed with GT rotary files Series 20 and 30 (Dents-
ply/Maillefer), placed in the handpiece of an Endo IT motor (Aseptico, Woodinville,
WA) with programmed torque control and speed settings. Different protocols were
used in a way that final root canal taper was 0.04, 0.06, and 0.08 for groups A, B,
and C, respectively. Working length was 9 mm. The instrumentation details were as
follows.

In group A (taper 0.04), GT files Series 30 were used in a crown-down manner.
Files 30/0.10, 30/0.08, and 30/0.06 were placed 2, 5, and 7 mm inside the canal,
respectively, and file 30/0.04 at working length. In g roup B (taper 0.06), root canals
were instrumented as in group A, and at the end of preparation, files 20/0.08 and 30/
0.06 were placed at working length. In g roup C (taper 0.08), root canals were instru-
mented as in group B, and at the end of preparation, files 20/0.10 and 30/0.08 were
placed at working length.
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Figure 1. Representative scanning electron microscopy photos of debris and smear layer scores. (A) Debris score 1; (B) debris score 2; (C) smear layer score 1;
(D) smear layer score 2; (E) smear layer score 3; (F) smear layer score 4. No representative photos of debris scores 3 and 4 were taken because no root canal
surface covered by debris more than 50% was found. This was explained to the examiners before scoring.

TABLE 1. Mean Scores for the Presence of Smear Layer

Group A Group B Group C

Mean score �
standard error

3.3 � 0.14 3.2 � 0.2 3.08 � 0.17

No statistically significant differences were found between the groups (P > .05).
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Between every file change, patency at working length was
confirmed by using #10 K-file, and the canals were irrigated with
2.5% NaOCl. Irrigation was performed with a 27-gauge blind-ended
endodontic irrigation needle (Hawe Max-I-probe; Kerr-Hawe, Bioggio,
Switzerland). The volume of irrigant flushed after each file was 3 mL for
group A, 2 mL for group B, and 1.5 mL for group C. The final irrigation
sequence was 10 mL of 17% EDTA (Vista Dental Products, Racine, WI)
for 3 minutes, followed by 10 mL of 2.5% NaOCl and 10 mL saline solu-
tion. The total amount of irrigants used in each canal was 42 mL.

After instrumentation the roots were split longitudinally with a dia-
mond disk in a buccolingual direction. The presence of debris and
smear layer was evaluated by scanning electron microscopy at 255�
and 1000� magnification, respectively. A 4-category scale system
was used for debris and smear layer as follows: score 1, presence of
debris/smear layer that covers 0%–25% of the surface examined; score
2, presence of debris/smear layer that covers 25%–50% of the surface
examined; score 3, presence of debris/smear layer that covers 50%–
75% of the surface examined; and score 4, presence of debris/smear
layer that covers 75%–100% of the surface examined.

Representative photos of each score taken in a pilot study were
given to the examiners before scoring (Fig. 1).

The scoring procedure was performed by 3 examiners and was
double-blinded. First, the apical end of preparation was found at low
magnification, and then every millimeter of the apical (0–3 mm) and
middle (4–6 mm) thirds of the root canal wall was scanned at 255�
and 1000� magnification and scored.

Statistical analysis with the nonparametric Kruskal-Wallis test was
performed to detect any statistical differences in the presence of debris
and smear layer between the 3 groups. In addition, the nonparametric
Friedman test was used to assess the differences between the apical and
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middle thirds of the root canals of each group. The level of significance
was set at P#.05.

Results
Debris

The presence of debris in the apical and middle thirds of the
root canals was found to be minimal, with a mean score of 1.1 for
all groups. For this reason, debris was excluded from the statistical
analysis.

Smear Layer
Mean scores for the presence of smear layer in groups A, B, and C

are shown in Table 1. No statistically significant differences could be
found between the groups. However, a statistically significant difference
between the apical and themiddle thirds was detected in all groups, with
the former showing the worst results (Table 2).

Discussion
The objective of the present study was to evaluate the influence of

taper on root canal cleanliness. To achieve this, the canals studied
should have the same apical preparation size but different tapers. There-
fore, the experimental protocol for the use of System GT files was
JOE — Volume 37, Number 6, June 2011



TABLE 2. Mean Scores for Presence of Smear Layer in Middle and Apical Thirds of the Root Canals

Group A Group B Group C

Mean score � standard error
Apical third 3.81 � 0.08 3.44 � 0.22 3.55 � 0.10
Middle third 2.84 � 0.25 2.86 � 0.25 2.64 � 0.28

There was a statistically significant difference between apical and middle thirds in all groups (P # .05).
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designed in a way that at the end of preparation, the apical and middle
thirds of the canals had a constant taper of 0.04, 0.06, or 0.08 mm/mm.
In all groups, the last GT file gave its taper to themiddle and apical thirds
of the canals, because its flute diameters were greater than those of the
former file placed at working length.

Irrigation was another factor that was controlled, because it
affects root canal cleanliness. The total volume of irrigants in each
tooth was 42 mL. Because the number of instrument changes differed
between groups, this was achieved by flushing a different volume of
irrigant after every instrument in each group. In this way, the only vari-
able was the frequency of irrigation. However, the influence of this
factor on root canal cleanliness has not yet been studied thoroughly.
A pertinent study showed that the number of instrument changes and,
consequently, the frequency of irrigation did not contribute to the effi-
cacy of debridement (9).

The first finding of our study was that root canal taper did not affect
its debridement. This result can be compared with those of some
previous studies. Lee et al (10) and van der Sluis et al (11) prepared
root canals with GT files Series 20 and studied the influence of root
canal taper on debris removal. According to their results, the increase
in taper led to better debridement. Albrecht et al (12) reported that
when canals were prepared with GT files size 20, the increase in taper
led to better debridement, whereas when the apical preparation size was
40, taper had no influence on debris removal. It was concluded that
root canal debridement is mainly affected by final instrument size
and to a lesser extent by canal taper. The influence of final instrument
size on root canal cleanliness was also studied by Usman et al (9), who
reported that root canal instrumentation with GT file 40/0.06 led to
significantly better debris removal than with GT file 20/0.06. In our
study, root canals were prepared with GT files size 30, and no statisti-
cally significant differences were found between groups of different
taper. If this result is combined with the above findings, we could
conclude that root canal taper can affect its debridement only when final
instrument size is smaller than 30. However, this conclusion needs
further investigation.

Our second finding was that root canal taper did not influence
smear layer removal. This result cannot be confirmed, because studies
regarding the influence of taper on root canal cleanliness do not deal
with smear layer removal (9–12). Our study was based on early
findings by Wandelt (1), according to which the effectiveness of
a chelator is very much dependent on root canal’s width. We made
the hypothesis that the increase in taper would lead to an increase in
the volume of the chelator, making it more effective in smear layer
removal. Although this was not confirmed by our findings, it is an issue
that requires further investigation.

In each group, a statistically significant difference in the presence
of smear layer was found between the apical and middle thirds of the
canals. This is in accordance with the results of most studies regarding
smear layer removal (13–18). This finding seems reasonable, because
the apical is the narrowest part of the canals.

To further study the dimensions of this narrowest part, we consid-
ered that after their mechanical preparation, the apical third of the
canals was a truncated cone, which for all groups had a standard height
of 3 mm and a small base diameter of 0.30 mm (the same as the tip
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diameter of a GT file Series 30), but it differed in its large base diameter,
which was 0.42, 0.48, and 0.54 mm for tapers 0.04 mm/mm, 0.06 mm/
mm, and 0.08 mm/mm, respectively. According to the formulas for the
calculation of the surface area and the volume of the truncated cone, the
apical dentin surface was 3.4 mm2 for group A, 3.7 mm2 for group B,
and 4 mm2 for group C, whereas the volume of the apical third was
0.0003, 0.00037, and 0.00041 mL for groups A, B, and C, respectively.
However, according to early findings by Fraser (19), 2 mL of ethylene-
diaminetetraacetic acid is needed to decalcify a dentinal surface area as
small as 0.35 mm2. Consequently, the volume-to-surface ratio in our
study was extremely low for the chelator to be effective in smear layer
removal.

Finally, root canal cleanliness can also be assessed by the presence
of bacteria after chemomechanical preparation. Because an increase in
taper leads to cutting a greater amount of dentin from the canal walls, it
would be interesting to repeat the present study to investigate the influ-
ence of taper on root canal’s bacteriologic population before and after
chemomechanical preparation.

Conclusions
Under the conditions of the present study, root canal preparation

to apical size 30 and tapers 0.04, 0.06, or 0.08 did not affect canal
cleanliness. The removal of debris was almost complete for all tapers,
whereas smear layer was not completely removed in any of the groups,
with no statistically significant differences between them (P> .05). In all
groups, the middle third was the cleanest part of the canal, with a statis-
tically significant difference from the apical third (P # .05).

Acknowledgments
This article was adapted from a thesis submitted by Dr Ioanna

S. Arvaniti in partial fulfillment of the requirements for the MS
degree in Endodontics at University of Athens School of Dentistry.

We acknowledge Dr Konstantinos Kalogeropoulos for his assis-
tance in scoring the root canals under the SEM.

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

References
1. Wandelt S. Kann man enge Wurzelkan€ale mit Komplexbildern chemisch erweitern?

Experimentelle Untersuchungen und klinische Erfahrungen. Deutsche Zahn€arzt-
liche Zeitschrift 1965;20:621–6.

2. Brunson M, Heilborn C, Johnson J, Cohenca N. Effect of apical preparation size and
preparation taper on irrigant volume delivered by using negative pressure irrigation
system. J Endod 2010;36:721–3.

3. Nair P, Sj€ogren U, Krey G, Kahnberg K, Sundqvist G. Intraradicular bacteria and fungi
in root-filled asymptomatic human teeth with therapy resistant periapical lesions:
a long-term light and electron microscopic follow up study. J Endod 1990;16:580–8.

4. Orstavik D, Kerekes K, Molven O. Effects of extensive apical reaming and calcium
hydroxide dressing on bacterial infection during treatment of apical periodontitis:
a pilot study. Int Endod J 1991;24:1–7.

5. Simon JH. The apex: how critical is it? Gen Dent 1994;42:330–4.
6. Wu MK, Wesselink PR. Efficacy of three techniques in cleaning the apical part of

curved root canals. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1995;79:
492–6.

7. Siqueira J, Araujo M, Garcia P, Fraga R, Saboia Dantas C. Histological evaluation of
the effectiveness of five instrumentation techniques for cleaning the apical third of
the root canals. J Endod 1997;23:499–502.
Influence of Root Canal Taper on Its Cleanliness 873



Basic Research—Technology

8. Buchanan LS. The standardized-taper root canal preparation: part 1—concepts for

variably tapered shaping instruments. Int Endod J 2000;33:516–29.
9. Usman N, Baumgartner JC, Marshall JG. Influence of instrument size on root canal

debridement. J Endod 2004;30:110–2.
10. Lee SJ, Wu MK, Wesselink PR. The efficacy of ultrasonic irrigation to remove artifi-

cially placed debris from different-sized simulated plastic root canals. Int Endod J
2004;37:607–12.

11. Van der Sluis LWM, Wu MK, Wesselink PR. The efficacy of ultrasonic irrigation to
remove artificially placed dentine debris from human root canals prepared using
instruments of varying taper. Int Endod J 2005;38:764–8.

12. Albrecht LJ, Baumgartner JC, Marshal JG. Evaluation of apical debris removal using
various sizes and tapers of ProFile GT files. J Endod 2004;30:425–8.

13. Baker N, Eleazer P, Averbach R, Seltzer S. Scanning electron microscopic study of
the efficacy of various irrigating solutions. J Endod 1975;1:127–35.
874 Arvaniti and Khabbaz
14. Mc Comb D, Smith D. A preliminary scanning electron microscopic study of root
canals after endodontic procedures. J Endod 1975;1:238–42.

15. Ciucchi B, Khettabi M, Holz J. The effectiveness of different endodontic irrigation
procedures on the removal of the smear layer: a scanning electron microscopic
study. Int Endod J 1989;22:21–8.

16. Aktener B, Bilkay U. Smear layer removal with different concentrations of EDTA-
ethylenediamine mixtures. J Endod 1993;19:228–31.

17. Scelza M, Antoniazzi J, Scelza P. Efficacy of final irrigation: a scanning electron
microscopic evaluation. J Endod 2000;26:355–8.

18. O’Connell M, Morgan L, Beeler W, Baumgartner C. A comparative study of
smear layer removal using different salts of EDTA. J Endod 2000;26:
739–43.

19. Fraser JG. Chelating agents: their softening effect on root canal dentin. Oral Surg
Oral Med Oral Pathol 1974;37:803–11.
JOE — Volume 37, Number 6, June 2011


	Influence of Root Canal Taper on Its Cleanliness: A Scanning Electron Microscopic Study
	Materials and Methods
	Results
	Debris
	Smear Layer

	Discussion
	Conclusions
	Acknowledgments
	References


