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Abstract

Introduction: This study compared canal and
isthmus debridement efficacies between side-vented
needle irrigation (SNI) and continuous ultrasonic irri-
gation (CUI) in the mesial root of mandibular first
molars with narrow isthmuses using a closed-canal
design. Methods: Micro–computed tomography scan-
ning was used to select 20 teeth, each containing
a narrow isthmus. Each root was sealed at the apex;
embedded in polyvinylsiloxane to simulate a closed-
canal system; and instrumented to size 40, 0.04 taper.
Final irrigation was performed with either SNI or CUI
(N = 10). Masson trichrome-stained sections were
prepared from demineralized roots at 10 canal levels
between 1.0 and 2.8 mm from the anatomic apex. The
areas and debris occupied by the canals and isthmus
were measured using ImageJ software (National Insti-
tutes of Health, Bethesda, MD) and statistically analyzed
using repeated-measures analysis. Results: Overall,
a significant difference was identified between SNI
and CUI in the amount of debris remaining in the
isthmus (P = .006) but not in the canal (P = .940). There
was significantly more debris in the most apical three
canal levels (1.0–1.4 mm) regardless of the irrigation
technique (P < .001). The isthmus harbored significantly
less debris in the CUI group between isthmus levels 1.0
to 2.2 mm when compared with SNI (P < .001 and P =
.029). Neither technique removes debris completely
from the canal or isthmuses. Conclusions: Compared
with SNI, CUI removes significantly more debris from
narrow isthmuses of mandibular mesial roots. (J Endod
2011;37:544–548)
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Successful endodontic treatment requires eradication of bacterial biofilm from the
entire canal system (1, 2). Current instrumentation techniques are incapable of

reaching all surfaces and irregularities within the canal (3). Practitioners must rely
on the delivery of irrigants to noninstrumented areas to debride the remaining debris
and bacteria (4, 5). Posterior teeth with isthmuses connectingmultiple canals (6)make
it difficult for irrigant penetration, resulting in ineffective dissolution of hard-/soft-tissue
remnants and microorganism destruction. A closed canal system may also produce gas
entrapment that compromises optimal irrigant delivery to the apical 2.0 mm of the canal
space (7).

Different irrigation delivery devices are available for enhancing irrigant distribu-
tion and flow (8). Side-vented needle irrigation (SNI) has been proposed to improve the
hydrodynamic action of irrigant flow. However, this technique produces irrigant
exchange no further than 1.0 mm beyond the needle tip (9, 10) and is ineffective in
flushing debris from the apical third of the canal without adjunctive agitation
methods (7).

Ultrasonic irrigation shows better canal debridement efficacy over the use of nee-
dle irrigation alone (11). ProUltra PiezoFlow (Dentsply Tulsa Dental Specialties, Tulsa,
OK) uses continuous ultrasonic irrigation (CUI) for simultaneous continuous irrigant
delivery and ultrasonic activation (12), unlike passive ultrasonic irrigation, which
requires intermittent replenishment of irrigant between ultrasonic file activation
(11). Agitation of sodium hypochlorite (NaOCl) enhances tissue dissolution (13),
and its continuous replenishment provides an uninterrupted supply of nascent chlorine
for organic tissue dissolution (14).

Previous in vitro and in vivo studies that examined the debridement efficacy of
ultrasonic irrigation in the apical 1 to 3 mm of the canal reported significantly cleaner
isthmuses (15–22) and a greater reduction in bacteria colony-forming units (4).
However, some studies failed to take into account the contribution of a closed-
system design on canal/isthmus debridement efficacy. In other studies, the criteria
for mesiodistal isthmus width selection appeared to be loosely defined (23). A wide
isthmus is more readily accessible to irrigants than a narrow or ‘‘partial’’ isthmus
(24, 25) that is occluded by sclerotic dentin (23). Thus, the purpose of the present
study was to compare the canal and isthmus debridement efficacies between SNI and
CUI techniques by testing the null hypothesis that there is no difference between SNI
and CUI in cleaning the mesial root of mandibular first molars with narrow isthmuses
in a closed-canal system.
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Figure 1. A micro–computed tomography scan was used for nondestructive screening of the apical third of the mesial root of mandibular molars (1–3 mm from
the anatomic apex). Roots with mesiodistal isthmus widths wider than one quarter of the diameter of the unshaped canals anywhere along the scanned regions were
excluded from the study. (A) A representative image from a root that had an isthmus width wider than the set selection criteria. This root was not included in the
study. (B) A representative image from a root that had an acceptable isthmus width. This root was included in the study.
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Materials and Methods
Extracted mandibular first molars were collected with patient’s

consent and stored in 0.9% sodium chloride (NaCl) containing
0.02% sodium azide (NaN3) to prevent bacterial growth. Tooth selec-
tion and root preparation were performed according to Susin et al
(26). Briefly, only teeth with narrow isthmuses were used. Criteria
for tooth selection required the mesiodistal isthmus width to be less
than one quarter the diameter of the unshaped canals. The teeth
were examined with a micro–computed tomography scan (SkyScan
1174; SkyScan, Aartselaar, Belgium) along root levels fromwhich histo-
logical sections were subsequently prepared (Fig. 1). Twenty selected
teeth were randomly divided into two groups (N = 10). A custom-
fabricated fixture was used to produce a closed system that permitted
canal irrigation and suction to be performed by a single operator
(26) while preventing fluid and gases from escaping to the external
environment (27).
Experimental Groups
Each canal was instrumented to a size 40, 0.04 taper (28) with

ProFile Vortex rotary nickel-titanium instruments (Dentsply Tulsa
Dental Specialties). The pulp chamber was flooded with 6% NaOCl
and replenished with 1.0 mL after each instrument. Recapitulation
was performed with a size 10 K-file to improve irrigant penetration
(29). The two experimental groups represent the two different irriga-
tion techniques performed after the last rotary instrument used. Each
group received the same postinstrumentation final irrigation volume.

In the SNI group, the final irrigation consisted of irrigant delivered
1.0 mm from the working length (9, 10, 30, 31) with a 30-G side-vented
needle. The irrigants used were 6% NaOCl (15 mL) followed by 17%
EDTA (15 mL) as the final rinse. The irrigation volumes were chosen
so that they were similar to those used for group 2. Each irrigant was
delivered at a flow rate of 15 mL/min for 1 minute each.

In the CUI group, the ProUltra PiezoFlow system uses a rigid, 25-G
(0.5-mm) needle embedded in an adapter allowing attachment to an
ultrasonic handpiece. The needle is activated while the irrigant is deliv-
ered through tubing connected to a syringe. This study inserted the needle
into the canal 1.0 mm short of binding, the ultrasonic unit was set to
a power level of 5, and the irrigant was delivered at 15 mL/min as recom-
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mended by the manufacturer. Fifteen milliliters of 6% NaOCl was deliv-
ered followed by 15 mL of 17% EDTA as the final rinse. Simultaneous
ultrasonic activation was performed during irrigant delivery for a total
of 2 minutes. Upon completion of the active irrigation regimen, each
root was rinsed with sterile saline, dried with paper points, temporized,
removed from the experimental setup, and stored in 10% formaldehyde.

Light Microscopy
All roots were completely demineralized in formic acid/sodium

formate, histologically prepared, sectioned in 0.2-mm increments
beginning at 1.0 to 2.8 mm from the anatomic apex, and digitally re-
corded (26). Images taken from the 10 root levels were analyzed using
ImageJ software (National Institutes of Health, Bethesda, MD). Outlines
of themesiobuccal andmesiolingual canals and the isthmus were traced
to determine the surface area of the respective regions. Areas occupied
by stained debris in the corresponding regions were also determined.
For each canal and isthmus level, the percentage area occupied by
debris was calculated by dividing the area of debris by the sum of either
the corresponding canals or isthmus area.

Statistical Analyses
Data from the canals and isthmuses were analyzed separately using

repeated-measures analysis to answer the following questions: (1) Was
there a difference between the irrigation techniques in terms of overall
cleanliness? (2) Were differences found among the 10 root levels in the
ability of the two techniques to clean the canal and isthmus? and (3)
Were the canals cleaner than the isthmus for either technique? Because
of the highly skewed nature of the data, rank-based methods incorpo-
rating rank transform were used for all analyses (31).

To address questions 1 and 2, a repeated-measures analysis with
one within factor (root level) and one between factor (irrigation tech-
nique) was used for the canal and isthmus data to test for significant
interactions among the factors. If no significant interactions were found,
a main effects analysis was performed to test the null hypothesis that
there is no difference among factor levels, ignoring the effects of the
other factor. If a significant interaction was found, a simple-effects anal-
ysis was performed. Bonferroni adjustments were made so that the
family-wise error rate for the tests of each factor could be controlled
Debridement Using 2 Irrigant Delivery Techniques 545



Figure 2. Light microscopy images of Masson’s trichrome-stained cross-sections of root specimens that were irrigated using either SNI or CUI. (A–C) The SNI
group at the (A) 2.8-mm level, (B) the 2.0-mm level, and (C) the 1.0-mm level. (D–F) The CUI group at the (D) 2.8-mm level (note that the isthmus was completely
free of debris); (E) the 2.0-mm level (note that a portion of the isthmus separated from the isthmus proper during sectioning, resulting in an artifactual space
(arrows); and (F) the 1.0-mm level (original magnifications 20–40�).
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at the 0.05 level (32). Tukey-Kramermultiple comparisons for repeated
measures were used to perform all pair-wise comparisons. Two-tailed
tests with a significance level of 0.05 were used for all comparisons.

To address question3, the area under the curvewas used to calculate
a measure of overall cleanliness over all levels for each specimen (33).
A repeated-measures analysis with one within factor (root level) and
one between factor (irrigation technique) was performed at a = 0.05.

Results
Figure 2A through F are examples showing canal and isthmus

cleanliness achieved by SNI or CUI at different root levels. Figure 3
summarizes the percentage area occupied by debris in the canals
and isthmus of the two experimental groups.

For the first two questions, analysis of data from the canals indicated
that SNI and CUI were not significantly different in overall cleanliness
between 1.0 and 2.8 mm from the anatomic apex (P = .757), but there
was a significant effect at specific root levels (P < .001). Significantly
more debris was identified in the most apical three root levels (1.0–1.4
mm) regardless of the irrigation technique. Analysis of the data from
the isthmuses indicated significant differences between SNI and CUI at
every root level until the level of 2.4 mm was reached (P# .001–.029).

With respect to whether the canals were cleaner than the isthmus
for either technique, a significant difference was found between SNI and
CUI in the isthmus (P= .006) but not in the canal (P= .940). A detailed
report on the statistical analyses is included as supporting data
(supplemental information and Tables 1–5 are available at www.
jendodon.com).

Discussion
Remaining debris can harbor bacteria, resulting in treatment

failure (1–4, 34). Two clinically relevant irrigation techniques were
selected to compare their canal and isthmus debridement efficacies
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in the mesial root of mandibular molars. The use of an in vitro
closed-end canal design more closely replicates in vivo scenarios
(7, 27, 28) in which the apical foramen is enclosed within alveolar
bone and the periodontal ligament (4, 20–22).

Canal cleanliness for SNI ranged from 93.55% to 100%, whereas
canal cleanliness for CUI ranged from 94.66% to 100%, resulting in no
significant difference at any canal level between the two irrigation tech-
niques. However, isthmus cleanliness for SNI ranged from 52.14% to
99.32%, and for CUI it ranged from 87.53% to 99.93%. CUI removed
significantly more debris in noninstrumented isthmuses than SNI at
levels 1.0 to 2.2 mm. This trend is in agreement with results reported
by previous in vivo (17, 20–22) and in vitro studies (15, 16, 18, 19).

Previous in vivo studies (21, 22) found significantly cleaner
canals and isthmuses with ultrasonic irrigation when compared with
hand/rotary instrumentation. These studies used 60 seconds of
activation and made no mention of depth of irrigant delivery; they
also used second and third molars in addition to first molars and
made no attempt in determining isthmus width prior to tooth
selection. Both studies reported debris in only ‘‘very narrow
isthmuses.’’ Although in vivo studies are obviously clinically relevant
models, incorporating an approach that examines isthmus width
before specimen selection allows for examination of the effect of
irrigation technique from a more objective perspective.

The CUI device has a rigid irrigant delivery needle with an outside
diameter of 0.5 mm (equivalent to a size 50 file) (12). Previous studies
(4, 21, 22) finished apical preparations to a size 30 file and indicated
that the ultrasonic needle was not able to reach further than within 4 to 5
mm of the working length. Ahmad et al (35) reported that in order for
ultrasonic acoustic streaming to occur, the apical preparation must be
finished to at least size 40. The canals in the present study were finished
to a size 40, 0.04 taper; in a completely straight canal, this ultrasonic
needle would be incapable of reaching further than within 3 mm of
the working length. This distance from the working length will increase
JOE — Volume 37, Number 4, April 2011
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Figure 3. A bar chart summarizing remaining debris expressed as
a percentage of the total canal area or isthmus area (mean � standard devi-
ation) at each canal level of the two irrigation groups. Factor levels marked
with the same letter were not significantly different (P > .05).
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as the curvature of the canal increases because of the rigidity of the
ultrasonic needle and the manufacturer’s recommendation to prevent
canal wall contact during ultrasonic activation. Although canal curva-
ture was not assessed in the present study, some specimens (9/20) pre-
vented penetration of the ultrasonic needle beyond 1 to 2 mm into the
orifice before canal wall contact. Although it is anticipated that the ultra-
sonically activated irrigant possesses cavitation and acoustic streaming
qualities, we opined that the lack of this significant needle penetration
into the canal hindered the true potential of ultrasonic irrigation to re-
move debris completely from the apical part of narrow isthmuses. Such
a scenario may be more pronounced in the narrower canals of maxil-
lary molars (24) or in the presence of partially isthmuses in maxillary
and mandibular molars (23, 25).

Within the limitations of this study, the null hypothesis that there is
no difference between SNI and CUI in cleaning the mesial root of
mandibular first molars with narrow isthmuses in a closed-canal system
has to be rejected. It may be concluded that there is no difference in the
canal debridement efficacy between SNI and CUI at any root level from
the apical third of the canal. Both irrigation techniques left a small but
significant amount of debris in the apical 1.0 to 1.4 mm of the canal
when compared with other root levels. However, CUI produced signif-
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icantly cleaner isthmuses than SNI at root levels 1.0 to 2.2 mm, whereas
both techniques produced equally clean isthmuses at the 2.4- to 2.8-
mm root levels. Neither technique was capable of completely removing
all debris in the canals or isthmus.

Acknowledgments
Setups for the closed-canal system were generously provided

by Dr John Schoeffel. The authors thank Thomas Bryan for labora-
tory support, Donna Kumiski for preparation of the histological
sections, and the MCG Image Core Facility and Dr Ulf Wikesjo for
the use of their light microscopes for acquisition of the digitized
images.

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

Supplementary Material
Supplementary material associated with this article can be

found in the online version at www.jendodon.com (doi:10.1016/
j.joen.2011.01.006).

References
1. Ricucci D, Siqueira JF Jr. Fate of the tissue in lateral canals and apical ramifications in

response to pathologic conditions and treatment procedures. J Endod 2010;36:1–15.
2. Siqueira JF Jr, Rocas IN. Clinical implications and microbiology of bacterial persis-

tence after treatment procedures. J Endod 2008;34:1291–301.
3. Peters OA. Current challenges and concepts in the preparation of root canal systems:

a review. J Endod 2004;30:559–67.
4. Carver K, Nusstein J, Reader A, et al. In vivo antibacterial efficacy of ultrasound after

hand and rotary instrumentation in human mandibular molars. J Endod 2007;33:
1038–43.

5. de Gregorio C, Estevez R, Cisneros R, et al. Effect of EDTA, sonic, and ultrasonic
activation on the penetration of sodium hypochlorite into simulated lateral canals:
an in vitro study. J Endod 2009;35:891–5.

6. Paqu�e F, Laib A, Gautschi H, et al. Hard-tissue debris accumulation analysis by high-
resolution computed tomography scans. J Endod 2009;35:1044–7.

7. Tay FR, Gu LS, Schoeffel GJ, et al. Effect of vapor lock on root canal debridement by
using a side-vented needle for positive-pressure irrigant delivery. J Endod 2010;36:
745–50.

8. Gu LS, Kim JR, Ling J, et al. Review of contemporary irrigant agitation techniques and
devices. J Endod 2009;35:791–804.

9. Boutsioukis C, Lambrianidis T, Kastrinakis E. Irrigant flow within a prepared root
canal using various flow rates: a computational fluid dynamics study. Int Endod J
2009;42:144–55.

10. Gao Y, Haapasalo M, Shen Y, et al. Development and validation of a three-
dimensional computational fluid dynamics model of root canal irrigation.
J Endod 2009;35:1282–7.

11. van der Sluis LW, Versluis M, Wu MK, et al. Passive ultrasonic irrigation of the root
canal: a review of the literature. Int Endod J 2007;40:415–26.

12. Nusstein J. Ultrasonic dental device. United States Patent Office 2005;6948935.
13. Stojicic S, Zivkovic S, Qian W, et al. Tissue dissolution by sodium hypochlorite: effect

of concentration, temperature, agitation, and surfactant. J Endod 2010;36:1558–62.
14. Zehnder M. Root canal irrigants. J Endod 2006;32:389–98.
15. Goodman A, Reader A, Beck M, et al. An in vitro comparison of the efficacy of the

step-back technique versus a step-back/ultrasonic technique in human mandibular
molars. J Endod 1985;11:249–56.

16. Lev R, Reader A, Beck M, et al. An in vitro comparison of the step-back technique
versus a step-back/ultrasonic technique for 1 and 3 minutes. J Endod 1987;13:
523–30.

17. Haidet J, Reader A, Beck M, et al. An in vivo comparison of the step-back technique
versus a step-back/ultrasonic technique in human mandibular molars. J Endod
1989;15:195–9.

18. Metzler RS, Montgomery S. Effectiveness of ultrasonics and calcium hydroxide for
the debridement of human mandibular molars. J Endod 1989;15:373–8.

19. Walker TL, del Rio CE. Histological evaluation of ultrasonic debridement comparing
sodium hypochlorite and water. J Endod 1991;17:66–71.

20. Archer R, Reader A, Nist R, et al. An in vivo evaluation of the efficacy of ultrasound
after step-back preparation in mandibular molars. J Endod 1992;18:549–52.

21. Gutarts R, Nusstein J, Reader A, et al. In vivo debridement efficacy of ultrasonic irri-
gation following hand-rotary instrumentation in human mandibular molars. J Endod
2005;31:166–70.
Debridement Using 2 Irrigant Delivery Techniques 547

http://www.jendodon.com
http://10.1016/j.joen.2011.01.006
http://10.1016/j.joen.2011.01.006


Basic Research—Technology

22. Burleson A, Nusstein J, Reader A, et al. The in vivo evaluation of hand/rotary/ultra-

sound instrumentation in necrotic, human mandibular molars. J Endod 2007;33:
782–7.

23. Mannocci F, Peru M, Sherriff M, et al. The isthmuses of the mesial root of mandib-
ular molars: a micro-computed tomographic study. Int Endod J 2005;38:558–63.

24. Weller RN, Niemczyk SP, Kim S. Incidence and position of the canal isthmus. Part 1.
Mesiobuccal root of the maxillary first molar. J Endod 1995;21:380–3.

25. Teixeira FB, Sano CL, Gomes BP, et al. A preliminary in vitro study of the incidence
and position of the root canal isthmus in maxillary and mandibular first molars. Int
Endod J 2003;36:276–80.

26. Susin L, Parente JM, Loushine RJ, et al. Canal and isthmus debridement efficacies of
two irrigant agitation techniques in a closed system. Int Endod J 2010;43:1077–90.

27. Baumgartner JC, Mader CL. A scanning electron microscopic evaluation of four root
canal irrigation regimens. J Endod 1987;13:147–57.

28. Usman N, Baumgartner JC, Marshall JG. Influence of instrument size on root canal
debridement. J Endod 2004;30:110–2.
548 Adcock et al.
29. Bronnec F, Bouillaguet S, Machtou P. Ex vivo assessment of irrigant penetration and
renewal during the cleaning and shaping of root canals: a digital subtraction radio-
graphic study. Int Endod J 2010;43:275–82.

30. Sedgley CM, Nagel AC, Hall D, et al. Influence of irrigant needle depth in removing
bioluminescent bacteria inoculated into instrumented root canals using real-time
imaging in vitro. Int Endod J 2005;38:97–104.

31. Conover WJ, Iman RL. Rank transformations as a bridge between parametric and
nonparametric statistics. Am Stat 1981;35:124–8.

32. Looney SW, Stanley WB. Repeated measures analysis for two or more groups: review
and update. Am Stat 1989;43:220–5.

33. Matthews JNS, Altman DG, Campbell MJ, et al. Analysis of serial measurements in
medical research. Brit Med J 1990;300:230–5.

34. Nair PN. On the causes of persistent apical periodontitis: a review. Int Endod J 2006;
39:249–81.

35. Ahmad M, Pitt Ford TR, Crum LA, et al. Ultrasonic debridement of root canals:
acoustic cavitation and its relevance. J Endod 1988;14:486–93.
JOE — Volume 37, Number 4, April 2011


	Histologic Evaluation of Canal and Isthmus Debridement Efficacies of Two Different Irrigant Delivery Techniques in a Closed ...
	Materials and Methods
	Experimental Groups
	Light Microscopy
	Statistical Analyses

	Results
	Discussion
	Acknowledgments
	Supplementary Material
	References


