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Abstract

Introduction: The aim of this study was to evaluate the
effect of needle tip design on the irrigant flow inside
a prepared root canal during final irrigation with
a syringe using a validated Computational Fluid
Dynamics (CFD) model. Methods: A CFD model was
created to simulate the irrigant flow inside a prepared
root canal. Six different types of 30-G needles, three
open-ended needles and three close-ended needles,
were tested. Using this CFD model, the irrigant flow in
the apical root canal was calculated and visualized. As
a result, the streaming velocity, the apical pressure,
and the shear stress on the root canal wall were evalu-
ated. Results: The open-ended needles created a jet
toward the apex and maximum irrigant replacement.
Within this group, the notched needle appeared less effi-
cient in terms of irrigant replacement than the other two
types. Within the close-ended group, the side-vented
and double side-vented needle created a series of
vortices and a less efficient irrigant replacement; the
side-vented needle was slightly more efficient. The
multi-vented needle created almost no flow apically to
its tip, and wall shear stress was concentrated on
a limited area, but the apical pressure was significantly
lower than the other types. Conclusions: The flow
pattern of the open-ended needles was different from
the close-ended needles, resulting in more irrigant
replacement in front of the open-ended needles but
also higher apical pressure. (J Endod 2010;36:875–879)
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The irrigation of root canals with antibacterial solutions is considered an essential
part of chemomechanical preparation (1). Irrigation with a syringe and a needle

remains the most commonly used procedure (2, 3). However, there is an uncertainty
about the efficiency of this procedure in the apical part of the root canal (4–6).

To increase the efficiency of syringe irrigation, different needle types have been
proposed (7–13). Previous studies of the resulting flow (7, 8, 10, 12) were limited
because an indirect or a macroscopic approach can only provide a coarse and incom-
plete estimation of the irrigant flow. Consequently, there is still no consensus on the
superiority of any of these types.

Computational Fluid Dynamics (CFD) represents a powerful tool to investigate
flow patterns by mathematical modeling and computer simulation (14, 15). CFD simu-
lations can provide details of the velocity field, shear stress, and pressure in areas in
which experimental measurements are difficult to perform. Recently, a CFD model
was proposed for the evaluation of irrigant flow in the root canal (16) and was subse-
quently validated by comparison with experimental high-speed imaging data (17). The
aim of this study was to evaluate the effect of needle tip design on the apical irrigant flow
inside a prepared root canal during final irrigation with a syringe using this validated
CFD model.

Materials and Methods
The root canal and apical anatomy were simulated similarly to a previous study

(16), assuming a length of 19 mm, an apical diameter of 0.45 mm (ISO size 45),
and 6% taper. The apical foramen was simulated as a rigid and impermeable wall.

Six different needle types were modeled using commercially available 30-G nee-
dles as a reference (Fig. 1). The needle types can be divided in two main groups:
open-ended (Fig. 1A-C) and close-ended (Fig. 1D-F). The external and internal diam-
eter and the length of all needles were standardized (Dext = 320 mm, Dint = 196 mm, l =
31 mm, respectively) in order to isolate the effect of needle tip design. These values
correspond closely to the real geometry of the needles, which was determined accord-
ing to a previous study (18). The two outlets of the double side-vented needle were
modeled identical to the outlet of the side-vented needle to exclude the possible effect
of the outlet design. The needles were fixed and centered within the canal, 3 mm short of
the working length (WL).
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Figure 1. Commercially available 30-G needles used as references (top) and corresponding three-dimensional models created (bottom). (A-C) Open-ended
needles: (A) flat (NaviTip; Ultradent, South Jordan, UT), (B) beveled (PrecisionGlide Needle; Becton Dickinson & Co, Franklin Lakes, NJ), and (C) notched (Ap-
pli-Vac Irrigating Needle Tip; Vista Dental, Racine, WI). (D-F) Close-ended needles: (D) side-vented (KerrHawe Irrigation Probe; KerrHawe SA, Bioggio,
Switzerland), (E) double side-vented (Endo-Irrigation Needle; Transcodent, Neumünster, Germany), and (F) multi-vented (EndoVac Microcannula; Discus Dental,
Culver City, CA). Variable views and magnification were used to highlight differences in tip design.
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The preprocessor Gambit 2.4 (Fluent Inc, Lebanon, NH) was used
to build the 3-dimensional geometry and the mesh. A hexahedral mesh
was constructed, and a grid refinement was performed near the walls
and in areas in which high gradients of velocity were anticipated. A
grid-independency check was performed to ensure the reasonable
use of computational resources. The final meshes consisted of
597,400 to 810,600 cells depending on needle type (mean cell volume
= 2.07-2.82 $ 10�5 mm3).

No-slip boundary conditions were applied under the hypothesis of
rigid, smooth, and impermeable walls. The fluid flowed into the simulated
domain through the needle inlet and out of the domain through the root
canal orifice where atmospheric pressure was imposed. The root canal
and needle were assumed to be completely filled with the irrigant. A flat
velocity profile with a constant axial velocity of 8.6 m/s was imposed at
the needle inlet, which is consistent with a clinically realistic irrigant
flow rate of 0.26 mL/s through a 30-G needle (19). The irrigant, sodium
hypochlorite 1%, was modeled as an incompressible Newtonian fluid, with
density r = 1.04 g/cm3 and viscosity m = 0.99$10�3 Pa$s (16). Gravity
was included in the flow field in the direction of the negative z axis.

The commercial CFD code FLUENT 6.3 (Fluent Inc) was used to
set up and solve the problem. Detailed settings of the solver can be
found in another study (17). Computations were performed in
a computer cluster (45 dual-core AMD Opteron 270 processors)
running 64-bit SUSE Linux 10.1 (kernel version 2.6.16). The flow
fields for the six needle types were calculated and compared in terms
of velocity, shear stress, and apical pressure.

Results
Of the open-ended needles, the flat and beveled needle presented

similar high-velocity jets of irrigant in the root canal (Fig. 2.1A and B).
876 Boutsioukis et al.
For the notched needle, the velocities in the jet were slightly lower
(Fig. 2.1C). The flow pattern of the close-ended needles was different
compared with the open-ended needles. The flow was more directed
to the root canal wall in place of the apex. The side-vented and double
side-vented needle presented a flow pattern with a jet of irrigant formed
at the outlet (the one proximal to the tip for the double side-vented) and
directed toward the apex with a divergence of approximately 30�

(Fig. 2.1D-E). The irrigant followed a curved path around the tip. A series
of three counter-rotating vortices were identified apically to the tip. The
irrigant flowing out of the proximal outlet of the double side-vented
needle amounted to 93.5% of the total flow. As a result, the flow from
the distal outlet presented only a minor influence on the flow pattern.

Several small jets were formed by the irrigant exiting the multi-
vented needle from the six outlets proximal to the tip (Fig. 2.1F). The
most intense jets were formed through the most proximal pair of outlets,
which was responsible for 73% of the total flow, whereas the second and
third pair of outlets were responsible for 25% and 2%, respectively. The
other three pairs of outlets did not contribute to the outflow. Very low
velocities were noted apically to the tip.

Streamlines indicating the route of massless particles released
downstream from the needle inlet depicted the main flow of the deliv-
ered irrigant in three dimensions (Fig. 2.2). Analysis of the axial z
component of irrigant velocity in the apical part of the canal as a function
of the distance from the WL (Fig. 3.1) provided a more detailed overview
of irrigant replacement, which was considered clinically significant for
velocities >0.1 m/s. The replacement of irrigant extended further than 2
mm apically to the tip of the open-ended needles, whereas it was limited
within 1 to 1.5 mm apically to the tip of the close-ended needles.

The shear stress pattern on the canal wall was similar between the
flat, beveled, and notched needle, but the beveled and notched types
JOE — Volume 36, Number 5, May 2010



Figure 2. (1) Time-averaged contours of velocity magnitude (left) and vectors (right) along the z-y plane in the apical part of the root canal. Within 2.5 mm, the
jets formed by the (A) flat, (B) beveled, and (C) notched needles appeared to break up gradually because of damping by the irrigant already present in the canal.
The reverse flow toward the canal orifice was noted mainly near the canal wall. The (D) side-vented and (E) double side-vented needles presented a jet of irrigant
formed at the outlet (the one proximal to the tip for the double side-vented) and directed toward the apex with a divergence of approximately 30�. The irrigant
followed a curved path around the tip and was finally directed toward the canal orifice. A series of counter-rotating vortices was noted apically to the tip. The velocity
of the fluid inside each vortex decreased 5- to 10-fold toward the apex. (F) Several small jets were formed by the irrigant exiting the multi-vented needle from the six
outlets proximal to the tip. The jets were directed perpendicular to the canal wall and then toward the canal orifice, whereas a small part followed a path around the
tip. (2) Streamlines indicating the route of massless particles released downstream from the needle inlet and colored according to time-averaged velocity magni-
tude. Particle trajectories provide visualization of the fresh irrigant main flow in three dimensions. Both presence and density of the streamlines are important to
indicate the degree of irrigant penetration. Irrigant flow coronally to the tip showed complete replacement irrespective of needle tip design. (3) Time-averaged
distribution of shear stress on the root canal wall. Only half of the root canal wall is presented to allow simultaneous evaluation of the needle position. Needles are
coloured in red.
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Figure 3. (1) Distribution of the axial z component of time-averaged irrigant velocity in the apical part of the canal as a function of distance from the WL. The scale of
the vertical axis has been adjusted to 0 to 1 m/s to highlight differences in the area apically to the needle tips. Velocities higher than 0.1 m/s (horizontal stacked line)
were considered clinically significant for adequate irrigant replacement. Significant replacement was evident for the flat, beveled, and notched needle more than 2.5
mm apically to the needle tip, whereas for the side-vented and double side-vented replacement was limited to within 1.5 mm. The multi-vented needle performed
poorly, with irrigant replacement limited to less than 1 mm. (2) Time-averaged irrigant pressure at the apical foramen for the six needles is evaluated. Data shown as
mean� standard deviation. The flat and beveled needles led to the highest mean apical pressures. The notched needle developed a slightly lower apical pressure. The
side-vented and double side-vented needles presented significantly lower apical pressure. The multi-vented needle presented the lowest apical pressure.
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developed local maxima on the wall not facing the outlet (Fig. 2.3A-C).
The side-vented and double side-vented needles led to maximum shear
stress concentrated on the wall facing the outlet (the proximal outlet
for the double side-vented) (Fig. 2.3D-E). The multi-vented needle devel-
oped the highest shear stress, but it was concentrated on a very limited
area opposite to the needle outlets (Fig. 2.3F). Pressures developed at
the apical foramen also differed among the various needle types (Fig. 3.2).
Discussion
The needles evaluated in the present study were positioned at 3

mm short of the WL. This distance was chosen based on preliminary
simulations, as to create a challenging case for all needle types and allow
evaluation of the flow apically to the needle tip. Therefore, it does not
comprise a clinical suggestion. The effect of needle depth on the irrigant
flow is going to be evaluated in a future study.

The significance of the axial z velocity magnitude for irrigant
replacement has been discussed previously (16). Because the length
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of an average root canal is 20 mm and the average duration of an irri-
gation between successive instruments with a 30-G needle is 17.23
seconds (19), even a z velocity of 0.001 m/s could ideally provide
some irrigant replacement. However, the streamlines are not expected
to be straight from the apex to the canal orifice. Hence, such slow
replacement cannot be considered adequate. Velocities in the order
of 0.01 m/s could provide some effect, but velocities higher than 0.1
m/s should be considered clinically significant for adequate irrigant
replacement. Nevertheless, the higher the velocity of the irrigant, the
faster and more adequate the replacement is.

Shear stress on the canal wall will have an influence on the
mechanical detachment of debris, tissue remnants, isolated microbes,
and biofilm. Although there are no quantitative data on the minimum
shear stress required, the distribution of shear stress along the canal
wall provides an indication of the debridement efficacy of each needle
type. It must be emphasized that the disruption or detachment of biofilm
or debris cannot ensure their removal unless there is a favorable irri-
gant flow to carry them toward the canal orifice (reverse flow).
JOE — Volume 36, Number 5, May 2010
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Even though the apical foramen was simulated as an impermeable

wall, the assessment of irrigant pressure applied at this wall can give
a comparative estimation of the possibility and severity of irrigant extru-
sion for the different needle types. We did not see any significant advan-
tage of the notched or beveled needle over the flat needle. Furthermore,
the tip of the beveled needle poses significant risks of injury for both the
patient and the dentist combined with an increased possibility of
wedging inside the root canal.

It has been suggested that the side-vented needle is more efficient
than the beveled and notched ones in the removal of dye (10) or biolu-
minescent bacteria (12). These studies mainly assessed the ability of each
needle to exchange the irrigant in the root canal rather than to detach
debris or microbes from the wall because both the dye particles and
the bioluminescent bacteria were in suspension. However, their results
contradict the present finding that the irrigant exchange achieved by
the side-vented needle is limited and clearly inferior to the flat, beveled,
and notched needles. Limited irrigant exchange has also been reported
previously for the side-vented needle (16, 20). Differences in flow rate,
needle size, or depth and canal geometry could explain the different
results and highlight the importance of standardizing these factors.

The reported superior performance of the side-vented needle has
been attributed to turbulence (10). However, it was probably impos-
sible to identify turbulence with the means used in that study. No turbu-
lence was observed using a 30-G side-vented needle and a flow rate of
0.26 mL/s in both CFD and high-speed imaging studies (16, 17). The
formation of vortices and unsteady flow could mistakenly have been in-
terpreted as turbulence. In the vortex structure developed apically to the
side-vented and double side-vented needle tip, the exchange of irrigant
between successive vortices is expected to be limited (21). Therefore,
even though the irrigant in the most apical part of the canal may be
rotating inside a vortex, this does not ensure replacement.

The unidirectional performance of the side-vented and double
side-vented needle has been reported previously (11, 22). In the
present study, it was confirmed that the shear stress developed by these
needles is significantly higher on the wall facing the outlet (the proximal
one for the double side-vented needle). The second outlet of the double
side-vented needle only slightly affected the overall performance and
did not seem to provide any advantage, which was in agreement with
a previous study (12).

Various kinds of multi-vented needles have been proposed for use
during syringe irrigation (7–9). In order to recreate the needle geom-
etry, a commercially available needle was used that is similar to multi-
vented needles previously used for syringe irrigation although this
needle is only recommended for use with a negative pressure system
(23). The multi-vented needle appeared to be the safest type in terms
of apical extrusion. On the other hand, the limited penetration and
replacement of the irrigant apically necessitates placement very close
to the WL, if possible less than 1 mm. An additional disadvantage was
the concentration of high shear stress on a very limited area. However,
these results do not reflect the efficacy of the EndoVac system because it
was not designed for positive pressure irrigation.

In all cases studied, the area of high shear stress was identified in
the apical part of the canal, relatively close to the tip of the needle. In this
area, biofilm and debris detachment is expected to be most efficient.
This finding is in agreement to a previous study that reported more
efficient removal of a collagen film in the apical part of the root canal,
close to the needle tip (22).

According to the results of the present study, needles that achieved
improved irrigant replacement in the apical part of the root canal also
led to increased mean pressure at the apical foramen, indicating an
increased risk of irrigant extrusion toward the periapical tissue.
From a clinical point of view, the prevention of extrusion should
JOE — Volume 36, Number 5, May 2010 E
precede the requirement for adequate irrigant replacement and wall
shear stress. Nevertheless, the effect of additional factors such as needle
depth, root canal size, and taper should be evaluated before any clinical
suggestion on the supremacy of a particular needle type. In conclusion,
the flow pattern of the open-ended needles was different from the close-
ended needles resulting in more irrigant replacement in front of the
open-ended needles but also higher apical pressure.
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