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Endoseal MTA

Shear rate (1/s) Viscosity (Pa - s)
0.6 254.7
1.0 149.8
1.8 96.0
32 59.5
5.6 359
10.0 21.9
17.8 13.6
31.6 8.1
56.2 5.7

100.0 4.1

Table 1. Viscosity versus shear rate of filling material.
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Fig. 2.1 Schematic illustration of the experimental setup.

.-"\.\.I s



Fig. 2.2 Schematic illustration of the root canal channel.
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Fig. 2.3 (a) Schematic of a single root canal channel. (b) Schematic

of a single root canal channel with an accessory canal.



o

I i< 7 eHFASTCAM SA-Z, Photron)E €83k 1000 fps=

—_
file)

W

—_
10

i

B

—_
10

of Eu= A Al A7E TA

2]
T
o

Ko



=
TH
K
‘_lryl
ﬁa

2

oI

pa—

0

—_
fite)

i

il

0

L z2ev

s

52

Aot (Fig. 3.1)

S

i

o

7} 69% - 451%

ol

—_—

0

B
10

o

SEE

of A o]

(1)

pvD
L

Inertial forces
Viscous forces

R€D

)
=

4]

L=
T

1714 p

il

=27} 2,1005.t}

F glek

ol
=

VS|
~

s

flow)o. =2

,10,



il

ﬂvﬂo

_Z_O

Al
al

(2)

J1©] A = (dynamic viscosity), L& |

2l

s o

9] 27 (hydraulic diameter)

]
=1

% Dpv

oF

[

=
<V

i

=
)

il

21(2) = F-E

s},

vl

Nl

ojn

(‘3pDH2
or

ApDH2

(3)

wL

~
o

o)
e
I

B/

M

2]

m
o
Gl

dr

o3

oo
<0

)

4r

ﬁo

—_
fite)
0

—

°
ol

o
.
N

ol
oh
Nl

M
KH

I 4 Ath.(Fig. 3.3)(Fig. 34.) =9

,11,

¥

.-"\.\.I



100

@ With ultrasound °
O Without ultrasound
80 -
©»
£
— 60 L
©
]
(O]
&
240k ¢
T o)
O
20 I~ .
O
®
(O] | | |
0 0.05 0.10 0.15 0.20 0.25

Pressure (MPa)

Fig. 3.1 Average filling speed of a single root canal for various filling

pressures.

,12,



Fig. 3.2 Filling speed comparison speed under 0.1 MPa pressure. (a)

Flow without ultrasound. (b) Flow with ultrasound.
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Fig. 3.5 Schematic illustration of measuring the filling length of the

accessory canal.
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(b)

Fig. 3.7 SEM images of the filling material after solidification. (a)
MTA filled without ultrasound. (b) MTA filled with ultrasound.
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(b)

10 um

Fig. 3.8 SEM 1mage after image processing for porosity calculation.
(a) MTA filled without ultrasound. (b) MTA filled with ultrasound.
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Fig. 3.9 Schematic illustration of particle distribution in suspension

according to dispersity.
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Fig. 3.10 Schematic illustration of the relation between viscosity and

particle size distribution of suspension.
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Ultrasound

Fig. 3.11 Schematic illustration of disaggregation in suspension by

ultrasound.

_26_



T
o

i

—~
fi%e}

3

i
—

Zr

)

i
_

ol

B

ojn

= 7l d.

o]

—_—

o

o

R

¢+

—

0
M
el

Ho

puzel

o7
i

,27,



31 723

Darvell, B. W., & Wu, R. C. T. (2011). “MTA” —an hydraulic
silicate cement: review update and setting reaction. Dental
Materials, 27(5), 407-422.

Alhaddad, A. F., Steffen, H., & Splieth, C. H. (2014). The
sealing ability of ProRoot MTA when placed as an apical
barrier using three different techniques: an 1in-vitro

apexification model.  Quintessence international  (Berlin,
Germany: 1985), 45(10), 821-827.

Apaydin, E. S., Shabahang, S., & Torabinejad, M. (2004).
Hard-tissue healing after application of fresh or set MTA as
root-end—filling material. Journal of Endodontics, 30(1), 21-24.

Cohen, S., Burns, R. C., Walton, R., & Torabenijad, M. (1998).
Pathways of the Pulp (1). Learning, 30, 10.

Cheung, G. S. P, Yang, J., & Fan, B. (2007). Morphometric
study of the apical anatomy of C shaped root canal systems

in mandibular second molars. International endodontic journal,

40(4), 239-246.
Tabassum, S., & Khan, F. R. (2016). Failure of endodontic
treatment: The usual suspects. European journal of dentistry,

10(1), 144.

Lopes, F. C., Zangirolami, C., Mazzi-Chaves, J. F.,

,28,



10

11

12

13

Silva-Sousa, A. C., Crozeta, B. M., Silva-Sousa, Y. T. C,, &
Sousa-Neto, M. D. (2019). Effect of sonic and ultrasonic
activation on physicochemical properties of root canal sealers.

Journal of Applied Oral Science, 27.

Vivan, R. R., Guerreiro-Tanomaru, J. M., Bernardes, R. A,
Reis, J. M. S. N., Duarte, M. A. H., & Tanomaru-Filho, M.
(2016). Effect of ultrasonic tip and root—end filling material on

bond strength. Clinical oral investigations, 20(8), 2007-2011.

Parashos, P., Phoon, A., & Sathorn, C. (2014). Effect of
ultrasonication on physical properties of mineral trioxide

aggregate. BioMed research international, 2014.

Tourbin, M., & Frances, C. (2009). Monitoring of the
aggregation process of dense colloidal silica suspensions in a

stirred tank by acoustic spectroscopy. Powder technology,
190(1-2), 25-30.

Jeffrey, D. J., & Acrivos, A. (1976). The rheological properties
of suspensions of rigid particles. AIChE Journal, 22(3),
417-432.

Stickel, J. J., & Powell, R. L. (2005). Fluid mechanics and
rheology of dense suspensions. Annu. Rev. Fluid Mech., 37,

129-149.

Krieger, I. M., & Dougherty, T. J. (1959). A mechanism for

non Newtonian flow in suspensions of rigid spheres.

,29,



14

15

16

Transactions of the Society of Rheology, 3(1), 137-152.

Sato, K., Li, J. G. Kamiya, H. & Ishigaki, T. (2008).
Ultrasonic dispersion of TiO2 nanoparticles 1in aqueous

suspension. Journal of the American Ceramic Society, 91(8),
2481-2487.

Zou, R. P, Xu, J. Q. Feng, C. L., Yu, A. B., Johnston, S., &
Standish, N. (2003). Packing of multi-sized mixtures of wet
coarse spheres. Powder Technology, 130(1-3), 77-83.

Sohn, H. Y., & Moreland, C. (1968). The effect of particle size

distribution on packing density. The Canadian Journal of
Chemical Engineering, 46(3), 162-167.

,30,



Abstract

Root canal filling flow of
calcium silicate suspension

under ultrasound

Jihwan Seo

Department of Mechanical Engineering
The Graduate School

Seoul National University

Root canal treatment is a treatment for the infected pulp of a tooth to
eliminate infection and protect the decontaminated tooth from future
microbial invasion. It is performed in three procedures including removal of
infected tissues, irrigation of root canal and filling of root canal. The
purpose of root canal filling process is to ensure durability of teeth and
prevent reinfection. MTA, root canal filling material, is highly viscous
suspension mainly consisted of calcium silicate which is cementitious. The
root canal has only a few hundred micrometers in diameter. Complexity of
root canal system acts as a factor that makes the root canal filling process
difficult along with highly viscous characteristics of the filling material. In
order to improve the root canal treatment process, studies in the field of
endodontics have been conducted on improving root canal filling using
ultrasound. However, most of the previous studies have focused on the

treatment method using ultrasound and the result of improvement of

,31,



treatment efficiency from a dental perspective. The detailed principle and
quantitative effect on the change of physical properties of the filling material
have not been understood enough. In this study, the principle and
quantitative effect of the changes in the properties of filling material were
identified based on the understanding of the effect of ultrasonic waves on
the suspension. We found that the filling speed of filling material increased
under ultrasonic effect. We found that the viscosity of the calcium silicate
suspension can be lowered by applying ultrasound. We found the filling
length of an accessory canal increased under ultrasound. Pores inside filling
material after solidification decreased in size and number when filled under
ultrasound. Disaggregation induced by ultrasound leads to the increase in
particle size distribution in suspension which is the main reason of the
results. We expect that the application of ultrasound on the root canal filling
process would improve the efficiency of treatment by the changes in

properties of filling material.
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