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bstract
ast studies have shown that current irrigation meth-
ds are effective at cleaning root canals coronally but

ess effective apically. To be effective, endodontic irri-
ants should ideally be delivered near working length.
he purpose of this study was to compare the efficacy
f the EndoVac irrigation system and needle irrigation
o debride root canals at 1 and 3 mm from working
ength. One tooth of each matched pair was instru-

ented and irrigated by using the EndoVac, which uses
egative pressure to deliver irrigating solutions to working

ength. The other tooth of the matched pair was instru-
ented and irrigated with a 30-gauge ProRinse irrigating
eedle. All teeth were irrigated with sodium hypochlo-
ite (NaOCl) and ethylenediaminetetraacetic acid
EDTA) for a predetermined amount of time, and total
olume of irrigant used was recorded. After instrumen-
ation and irrigation, the teeth were fixed, decalcified,
nd sectioned at 1 mm and 3 mm from working length.
erial sections were made and digitally photographed.
he amount of remaining debris was determined as a
ercentage of the area of the canal lumen. Remaining
ebris and total irrigant were analyzed by using the
ilcoxon signed rank test at the 5% confidence level.
t the 1-mm level, significantly less debris was found in

he EndoVac group (p � 0.0347). At the 3-mm level,
here was no significant difference between groups.
ignificantly more irrigant was delivered with the
ndoVac (p � 0001). This study showed significantly
etter debridement at 1 mm from working length by
sing the EndoVac compared with needle irrigation.
J Endod 2007;33:xxx)
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ebridement of the root canal system is essential for endodontic success. Irrigation
is a vital part of root canal debridement (1). Unfortunately, many studies have

hown that currently used chemomechanical methods of root canal preparation do not
ffectively debride the entire root canal system (2– 6). Ideally, root canal irrigants
hould flush out debris, dissolve organic tissue, kill microbes, destroy microbial by-
roducts, and remove the smear layer. To accomplish these objectives, there must be an
ffective delivery system to working length. Working length may be defined as the
istance from a coronal reference point to where the canal system is cleaned, shaped,
nd obturated to prevent recurrent infection. An improved delivery system for root canal
rrigation is highly desirable. Such a delivery system must have adequate flow and
olume of irrigant to working length to be effective in debriding the canal system without
orcing the solution into periradicular tissues (3, 7).

The EndoVac system (Discus Dental, Culver City, CA) is a novel new irrigation
ystem. A delivery/evacuation tip is attached to a syringe of irrigant and the high speed
uction of the dental chair (Fig. 1A). A small tube attaches either a macro- or micro-
annula to the suction (Fig. 1B, C). The delivery/evacuation tip places irrigant in the
hamber and siphons off the excess to prevent overflow (Fig. 1D). The macrocannula
s plastic with an open end that measures International Standards Organization (ISO)
ize 55 with a .02 taper (Fig. 2B). The microcannula is stainless steel and has 12 small,
aterally positioned, offset holes in 4 rows of 3, with a closed end measuring ISO size 32
Fig. 2A). As these cannulas are placed in the canal, negative pressure pulls irrigant
rom a fresh supply in the chamber, down the canal to the tip of the cannula, into the
annula, and out through the suction hose. The microcannula can be used at working
ength in a canal enlarged to ISO size 35 or larger. The purpose of this study is to
ompare the efficacy of the EndoVac system and needle irrigation to debride the apical
mm of a root canal.

Materials and Methods
The Institutional Review Board of the Oregon Health & Science University ap-

roved this study. Matched pairs of intact, extracted human incisors, canines, and
remolars (with 1 canal or 2 distinct roots) from both arches, verified with radio-
raphs, were used in this study (Fig. 3). Nineteen matched pairs of teeth stored in saline,
ncluding 2 maxillary premolars with 2 distinct roots, yielded 21 matched root canals
hat were selected for this study. The external surfaces of the teeth were debrided with
and scalers. A flat occlusal surface was made as a reference for determining working

ength, and the pulp chamber of each tooth was accessed. Working length was deter-
ined as the point where a #10 file (Tulsa Endodontics, Tulsa, OK) was just visible with
20 magnification in the apical foramen. Shallow horizontal grooves were made in the

oronal one third of each root for mechanical retention. The coronal two thirds of each
oot was then coated with tray adhesive (Dentsply Caulk, Milford, DE) and the tooth
laced in 1-inch segments of surgical tubing (Sullivan-Schein, Melville, NY) filled with
olyvinyl siloxane impression material (Dentsply Caulk) (8, 9).

A coin was flipped to determine which tooth of each pair would be cleaned and
haped by using the EndoVac system. The other tooth of the pair was cleaned and shaped
y using a conventional irrigation protocol. Each tooth in each pair received an equal
mount of time for irrigation. The volume of irrigant used for each method was re-
orded. The teeth in each pair were cleaned and shaped to the same size by using the
ame method of canal preparation. Shaping included the use of Gates Glidden drills and

rofile series 29 .04 taper rotary instruments (Tulsa Endodontics) by using a crown-

EndoVac System 1
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own, continuous taper technique (10). To ensure patency, recapitu-
ation to working length was accomplished after each rotary instrument
eries with a #10 stainless steel hand file (Tulsa Endodontics). The
anals were instrumented to a series 29 size 6 (ISO size 36) or larger at
orking length (Fig. 2A). Matched pairs of teeth were instrumented to

he same master apical file size.
Irrigation with the EndoVac began during the use of Gates Glidden

rills. While the Gates Glidden drills were being used, the EndoVac
elivery/evacuation tip was placed above the access opening to con-
tantly deliver and evacuate 5.25% sodium hypochlorite (NaOCl), keep-
ng the canal and pulp chamber full of irrigant at all times. One milliliter
f NaOCl was used to replenish the irrigant in the pulp chamber after
ach rotary NiTi instrument. After reaching working length with the
aster apical file, macroirrigation of each canal with NaOCl was accom-

lished over a 30-second period. This was done by using the EndoVac
elivery/evacuation tip while the macrocannula was constantly moved
p and down in the canal from a point where it started to bind to a point

ust below the orifice. The canal space was then left undisturbed, full of
rrigant for 60 seconds. Three cycles of microirrigation followed. Dur-
ng a cycle of microirrigation, the pulp chamber was maintained full of
rrigant while the microcannula was placed at working length for 6
econds. The microcannula was then positioned 2 mm from working
ength for 6 seconds and then moved back to working length for 6
econds. This up-down motion continued until 30 seconds had elapsed,
hus ensuring 18 seconds of active irrigation directly at working length.
fter 30 seconds of irrigation, the microcannula was withdrawn from

he canal in the presence of sufficient irrigant in the pulp chamber to
nsure that the canal remained totally filled with irrigant and that no air
as drawn into the canal space. The canal filled with irrigant was left
ndisturbed for 60 seconds. This completed one microirrigation cycle.
he first cycle used 5.25% NaOCl as the irrigant, the second cycle 15%
thylenediaminetetraacetic acid (EDTA), and the third cycle 5.25%
aOCl. At the end of the third microirrigation cycle, the microcannula

t. The free end of the large tubing plugs into the high speed suction of the dental
e patient napkin. (B) The macrocannula attached to its handle used for initial

ndle. This replaces the macrocannula and its handle and is used for irrigation
ched to a syringe. Irrigant is delivered to the pulp chamber by the metal needle.
etal that is attached to the suction tubing.
igure 1. (A) The complete EndoVac system including all tubing and vacuum attachmen
hair. A clip, seen on the end of the clear tubing near the “T” connector, attaches to th
lushing of the coronal portion of the canal. (C) The microcannula attached to its ha
t the apical portion of the canal to working length. (D) The delivery/evacuation tip atta
igure 2. (A) Scanning electron microscope photograph of the microcannula
ith measurements. (B) Comparison picture of the closed-ended microcannula
ISO size 32) and open-ended macrocannula (ISO size 55). The inset box is a
igher magnification of the end of the microcannula. (Photos courtesy of Dr.
as left at working length without replenishment to remove excess fluid.

JOE — Volume 33, Number x, Month 2007
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The other tooth of each pair was irrigated by using a 30-gauge
roRinse needle (Tulsa Endodontics) and syringe (11). A 1-mL flush of
.25% NaOCl, short of the binding point, was used after each instru-
ent, leaving the canal filled with irrigant between instruments. This
as done with the needle placed just short of the binding point but no
loser than 2 mm from working length. A small (1-2 mm), constant
pical-coronal movement of the needle was maintained during expres-
ion of irrigant. After instrumentation to the master apical file size,
rrigation with NaOCl for 30 seconds was accomplished. The irrigant
as then left undisturbed in the canal for 60 seconds. Further irrigation
ith the needle was performed moving the needle from 2 mm from
orking length to 4 mm from working length in constant motion for 30

econds. NaOCl was used and left untouched in a full canal for 60
econds. This was followed by EDTA for 30 seconds of irrigation and

igure 3. Flowchart of the methodology.

igure 4. Pictures taken of representative slides at 1 mm from working length w

howing moderate to severe debris with no instrumentation of the lumen.

OE — Volume 33, Number x, Month 2007
hen left undisturbed for 60 seconds. The last irrigant was NaOCl using
he same method for the same amount of time. The irrigant was then
spirated from the canal by using the irrigation needle at 2 mm from
orking length.

A third group of 5 teeth were positive controls. After access prep-
ration, a #10 file was placed to determine the working length. No other
nstrumentation or irrigation was performed on these teeth. These teeth
ere fixed, decalcified, and sectioned for microscopic evaluation.

The experimental teeth were removed from the impression mate-
ial and tubing. A #10 file with a rubber stopper set at working length
as then placed on the external surface of the tooth and working length
arked with a scalpel. The teeth were marked at 1 and 3 mm from
orking length with a scalpel. A one-eighth round bur was then used to
eepen the marks and make a shallow groove. The teeth were fixed by

� magnification. (A) No debris, (B) moderate debris, and (C) control sample
ith 100
EndoVac System 3
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illing each canal with formalin by using a 30-gauge ProRinse needle
nd then submerging each tooth in formalin for a minimum of 24 hours.
he teeth were decalcified in Kristenson’s decalcification solution (102
sodium formate, 1,500 mL hot tap water, 515 m formic acid, and 925
L cold water) for at least 1 week. Complete decalcification was verified
ith a radiograph. The decalcified roots were cut with a scalpel at the

hallow grooves marking 1 and 3 mm from working length. Six-micron,
erial histologic sections were then made from the appropriate end of
ach root section and stained with hematoxylin and eosin. Each slide
ontained serial sections of either the 1- or 3-mm level of one of the
xperimental teeth.

Before viewing the sections, any identification on the slide was
asked and the slides randomized. The sections on each glass slide
ere compared by using a light microscope at 100� magnification. The

ection containing the greatest amount of canal debris was then digitally
hotographed (Fig. 4). All images were analyzed by using the Scion Image
oftware program (Scion Corporation, Frederick, MD). The amount of de-
ris left in the canals was quantified as a percentage of the canal lumen area.
he data were statistically analyzed to compare the percentage of debris and
fficacy of the irrigation techniques between teeth of each matched pair. The
ilcoxon signed rank test was used because of nonparametric data.

Results
Five root sections were lost during processing leaving 18 matched

oot canals at the 1-mm level and 19 matched root canals at the 3-mm
evel. However, 21 matched pairs of teeth were analyzed for volume of
rrigant used. The root canals prepared by using the EndoVac when com-
ared with needle irrigation did not show any significant difference at the
-mm level. However, at the 1-mm level, the teeth treated with the EndoVac
howed significantly less remaining debris (p � 0.0347) (Table 1). The
olume of irrigant used with the EndoVac system was significantly more
han the needle irrigation group (p � 0.0001) (Table 2). One control
ooth was lost during processing. The remaining four control teeth
howed debris at 1 and 3 mm. All controls showed a lumen that had not
een instrumented (Fig. 4).

Discussion
Past studies have shown that current irrigation methods may be

ffective at cleaning the coronal portions of root canals but much less
ffective in the apical portions of canals (2, 4, 8, 9, 12–16). In this
tudy, the use of the EndoVac system resulted in statistically significant
ore debris removal at 1 mm from working length than needle irriga-

ion.
Sodium hypochlorite (NaOCl) has the ability to dissolve organic

ebris, kill microbes, and destroy microbial byproducts (5, 17, 18).
DTA is a chelating agent used to remove the smear layer (9, 19). This
ombination of irrigants has been shown to be effective in debriding and
isinfecting root canals as well as other irrigants (9, 19 –22).

One advantage of the EndoVac system seems to be the ability to
afely deliver irrigant to working length. To avoid NaOCl accidents,
linicians must be careful how far the irrigating needle is placed into the
anal. Recommendations include not binding the needle in the canal,

ABLE 1. The amount of debris at 1 mm and 3 mm from working length

Group Mean (%) Standard
Deviation p Value

EndoVac 1 mm 1.565 3.99 0.0347*
Needle 1 mm 5.730 13.65
EndoVac 3 mm 0.421 0.86 0.1119
Needle 3 mm 2.825 6.26
Significant p � 0.05.

Nielsen and Baumgartner
ot placing the needle close to working length, and using a gentle flow
ate to avoid accidents with potentially serious consequences (23, 24).
ith the EndoVac, irrigant is pulled into the canal and removed by

egative pressure at working length. A recent study by Fukumoto et al.
25) compared extrusion of irrigant out the apex by using irrigation
ethods similar to this study. Their method, also using negative pres-

ure, showed less extrusion of irrigant than needle irrigation when both
ere placed 2 mm from working length. To simulate the clinical situa-

ion with a normal irrigation method, the irrigating needle used in this
tudy was placed no closer than 2 mm from working length. Because of
he inherent differences between these two irrigating techniques, the
ariable of cannula or needle compared with working length was not
eld constant and represents the possible advantage of the EndoVac
ystem, namely, safe irrigation at working length. Two millimeters rep-
esents a distance from the working length that is likely the closest that
ost practitioners place an ordinary needle during irrigation. Thus, this

istance is a best-case scenario for needle irrigation to compare with
he EndoVac system.

In using the EndoVac, blockage of the microcannula is a concern.
ne of the main purposes of the macrocannula is to remove as much
ebris as possible before the smaller microcannula is used, thus reduc-

ng material that may clog the microcannula. The chemical action of
aOCl and EDTA may help to dissolve both organic and inorganic debris
logging the holes of the EndoVac. During this study, the holes of the
icrocannula were checked at �20 magnification after each root canal
as cleaned and shaped. Invariably, some of the holes were at least
artially blocked, but with 12 holes, several could be blocked and the
ystem was seen still working effectively by the visualization of fluid
oving through the suction tubes. The blocked holes were made patent
ith a positive pressure rinse, or the cannula was replaced.

The volume of irrigant delivered with the EndoVac system was
ignificantly more than the volume delivered with needle irrigation over
he same amount of time (Table 2). With the EndoVac system, more
rrigant can be delivered through the delivery/evacuation tip. While the
annulas are in the canal, a constant flow of fresh irrigant is being
elivered by negative pressure to working length.

Studies have shown an increased efficacy of canal debridement
ith increased apical size preparations and increased taper of instru-
ents (8, 15, 26 –29). This study showed significantly better debride-
ent 1 mm from working length for the EndoVac system compared with

eedle irrigation. Future studies should look at the effect of taper, apical
ize, safety, and effect on apical seal when the EndoVac is used for
rrigation.
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