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Development and performance test of a micro bubble irrigation system for root canal
cleaning of tooth

Gilhwan Sung, Jaeyong Sung and Myeong Ho Lee

Abstract. Elimination of the smear layer and bacteria in the root canal is the most important in the endodontic treatment,
and various irrigation devices have been developed. Nevertheless, it is hard to eliminate the smear layer and bacteria
completely. In this paper, a micro bubble irrigation system has been developed for the root canal cleaning of tooth. Micro
bubbles are generated when pressurized fluids passing through a porous material inside a hand-piece nozzle, and the bubbly
flows excited by ultrasonic vibration are observed using a high-speed camera and a microscope. The results show that the
diameter and number of bubbles increases with the applied pressure, and there found an optimum excitation frequency in
order to minimize the bubble size. From in-vitro tests, it is also verified that the developed bubble irrigation system has
the ability of antibacterial and infection removal. Thus, this biocompatible system would be well suited for root canal
cleaning.

Keywords : Micro bubble(n}o]=ZL=2 7]3), Ultrasonic excitation(Z2-3} 7}71), Porous material(t}3-4d £32),
Root canal irrigation (2% A1)
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Fig. 2. Irrigation dental devices.

Fig. 137} o] mdze ZHFAT Foll A7
0.005~0.1 mm =7]¢] AEZo] 1~5 mme] FA=Z 7}#|
a1 3 ol gl I Zolk o] Eidko] 1A
E]x] ¢ko ™ Alolx#(dentinal tubules) W] 7FY-S 944
3 AAS = glon, 25 FHAS BHATIAY £3i4
2 919do] itk wehd 7|A1EQ) 2a AR S s
e A3 slsbHel o Al W) e SR
o] 3L 98l F83F a7} ok

< Aol A== AP 219 (saline), TS}
T, Aot ER(NaOCl), 22344, EDTA
5ol glomn, A2et 9Re] Molols 4 227 AH
HES 3 = AR IS 2 B4 v ol
5 ek whEhA Agels ol HESHA| ko 2
el &0 FUslaL A & 3lh= o] Ha
=

T YPRe olBE S Al 7S Fig. 29} 2o
ofg] 7R} glom, Wlo) wet Fakks A, F2A
£ A3l FEAIE, A S, 23941, go)
A Fo2 ydr®. o] F moja z71e] SE Uit
A AEE 5 Qi Hal 71 Z39AE T dlo|AAl
Zolc). glo]AMHe a7tor] FAutol ofs) gt Al
2 Ho] ¥ (apical) HhoZ Wbk 4= 1, o} 1 kY
3ol il St 7Fo] Ho A ot Al M| el
ZS9AHS 7P Assich 2eapfEe 3101d 5 9l

2
-
any ~ g
# e
I I I

Ultrasonic Hydrodynamic  Laser

EndoVac
Rinsendo

Cavitation
bubbles

© 1 7k vkes B8 AokdaiEs 9 AdeE
A YRR U F 2392 23 Facoustic streaming)
o} 7125 Eo] AHEHE Eoles A ok 2
gt FA AR ERE 71 s VIR Ae
100 mm WA 1 mm=z 3] 2 Holojr =i A7
L oAl f APdET}E "ofzict. webA 10 mm ol
o] mfo]aR HEE e 7|EE o] 85 AR o] Fa%
olf7t HaL Slrk. mlolaR- e 7|25 AN U
D3} 7)) Aol B3 A7VEL Wo) glglort of
T o] AR ex] AR ZTHECIH, Xof 2
APE 913 =l qime] st 71N 71l
gk e ob minlgk Adrgelok

£ Aoxie Al Fhjo A% X|3E oJ=o)7]
2 Hgo] 7Fsdt ZWAIHE vlolAR 7|2 A AlH])
< skl 2 Ass Wrkekarat vk oieRet o g
Z59 71 Z220M mlolaR 7| 2e| Y 544S v}
3kl In-vivo V3ol ofgk Ajo} e o= A7

Aol e el

2.1 O0|32 7|Z &
Fig. 3¢ mlo]az 7|E wholld Z83h 93ks 3=

=
=] e =AERE Aol ajte] #AF v



oL
m\l
r

y) X

E-Z(porous material)& AUA] 7)H]E] o] X(cavitation) &
gl o5 7125 A EC) 713} e Bl AdS
Sl Blo g oW V|EE 7he] Wite s AxAY
& el e 8IS AR 5 vk 71EE 1]
Wet 5= A S Alofslal 2A| 2 wakE whel=
27|25 v ke v £ B3 § vER e
ot S 23] Alojah= Zlo] EashH, £ Al
AMe gl =2 JUE A s AR 7
% =F THolME A=ty glolzr) Ald <Zs TR
I Z5IE 7RI 2H nlo]ag )xe] Ak Hrt
aHHoR gt miAels G =5s FARS
X fAS] S5 S0l ARE 7|} sl EE
Esi=g

Piezoelectric element

for ultrasonic excitation
Nano porous
material

Liquid with
nano bubbles

Pressurized
liquid

Convergent Nano bubble
nozzle formation
1

nozzle

Fig. 3. Schematic of a nozzle to generate micro
bubbles.
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Fig. 4. Schematic of the experimental set-up.

Fig. 5. Micro bubbles generated through a porous
material and ultrasonic excitation.
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Fig. 6. Variations of bubble diameter and number of
bubbles according to the reservoir pressure.
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Fig. 7. Variations of bubble diameter according to the
frequency of ultrasonic excitation.
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Fig. 8. In-vitro tooth sample for evaluating the removal of the smear layer and debris.
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Fig. 9. SEM images of the in-vitro root canal cleaning at three canal levels.
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