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Effect of apical constriction diameter, irrigant flow rate, and needle tip design
on apical pressure

Chang-Ha Lee"’, Seol-Ah Jo'®, Bum-Soon Linf°, In-Bog Lee™*"

Departmen of Conservative Dentistry’, Dept. of Dental Biomaterials Science’, School of Dentistry and
Dental Research Institute’, Seoul National University, Seoul, Korea

The purpose of this study was to evaluate the effects of apical constriction (AC) diameter, irrigant flow rate, and needle
tip design on apical pressure (AP) during the root canal irrigation, Five extracted human mandibular premolars were instrumented
up to #35 (0,06 taper) using nickel-titanium rotary instruments, AC was determined at 1 mm from the apical foramen, Three
needles with different tip designs (notched, side-vented, and flat) were placed 3 mm from AC, APs were measured with varying
flow rates of 0,05, 0.1, 0.2, and 0.3 mL/s, The AC diameter of the teeth was enlarged to #40 and #45 (0,06 taper) successively,
and the aforementioned measurement procedure was repeated (n=5). When the other conditions were controlled, AP increased
with decreasing AC diameter or increasing irrigant flow rate, and the AP of flat needle was the highest, followed by notched,
and side-vented needle (p{0.05). The APs with 0.05 mL/s flow rate were lower than central venous pressure (5.88 mmHg)
for all conditions, Under the conditions of the present study, flat needle is not recommended in narrow AC (0,35 mm), as
the value of the AP with a flow rate of 0.05 mL/s is similar to the central venous pressure, However, in AC diameter of
»0.35 mm, open-end (notched or flat) needles can be used to improve irrigant replacement in the apical portion using a flow
rate of 0.05 mL/s.
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Figure 1, (a) Schematic diagram of a custom-made apical pressure measuring instrument (Bio-Pressure, IB Systems, Seoul, Korea).

(b) Magnified view of tooth model,
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Figure 2. Three different needle tip designs.
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Figure 3, Details of the experimental groups.
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Figure 4, Representative curve of apical pressure change vs, flow rate over time with a notched needle at a tip position of 3 mm
from the apical constriction of 0,35 mm diameter,

Table 1. Apical pressure with varying apical constriction (AC) diameter, irrigant flow rate, and needle tip design

Irrigant Needle Tip Design
AC Fian;eter I;Iog/v Notched Side-vented Flat

mm ate
(mL/s) Apical Pressure (SD) (mmHg)

0.35 0.05 47 07) "™ 35 (09 ™ 58 (1.3 "
0.1 166 (1.3) ™ 106 (37) ™ 188 (3.1) "
02 563 (43) * 374 (150 ™ 619 (10.4) ™"
03 1227 Q7)™ 862 (27.3) ™ 1306 (11.4) ™"

0.40 0.05 37 (08 * 28 (08 ™ 45 (10 B
0.1 116 (1.1) % 82 (18 & 143 (1.8 &
02 453 (17) % 289 (78) % 498 (4.9)
03 1013 (9.0) ® 758 (18.1) B 1154 (11.7) B

0.45 0.05 28 (04) 21 (07) 41 (11) <"
0.1 10,0 (0.6) & 55 (11) = 119 (19 &
02 370 (5.4) * 198 (56) @ 431 (62) "
03 882 (102) & 535 (15.8) 957 (11.2) &

Different superscript upper-case letters indicate statistically significant differences among the groups with different AC diameter,
Different superscript lower-case letters indicate statistically significant differences among the groups with different irrigant flow rate,
The superscript “*” and “##” indicate statistically significant differences among the groups with different needle tip design,
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Figure 5, Apical pressure as a function of irrigant flow rate (0,05, 0.1, 0.2 and 0.3 mL/s) with varying apical constriction diameter
(0.35, 0.40, and 0.45 mm), (a) Notched, (b) side-vented, and (c) flat needle,
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Figure 6. (a) Cross-sectional diagram at the tip of the needle (Dena diameter of the root canal, Deg: external diameter of the needle,

S = %((Dcanal)z - (Dext)Q)). (b) Mean apical pressure of three different needles with varying irrigant flow rate, and inverse

(b)

annulus area (1/S) as a function of the apical constriction diameter,
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