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The objectives of this study were development of a new root canal irrigation system using
nanobubbles and its clinical application. A simple and reliable protocol to detect the
number of bacteria measuring their ATP activity which was converted to luciferase activity
was established. Next, concentration of sodium hypochlorite which is not harmful to tissues
was determined to be 0.5%. Enhanced effects of nanobubbles conjunction with ultrasounds
were determined. The bacterial solution was placed in the disposable pipet tips of 200ul
which were used as artificial root canals. Sodium hypochlorite (0.5%) in the presence or
absence of nanobubbles with ultrasounds was applied to the bacterial solution.
Nanobubbles with ultrasounds significantly enhanced the bactericidal effects of low
concentrated sodium hypochlorite. Morphological effects of nanobubbles with ultrasounds
for bacteria were evaluated by transmission electron microscopy (TEM). There was no
morphological change on the surface of Enterococcus faecalis (EF) by ultrasound or
nanobubbles only, however the destruction of the surface of EF was induced by
nanobubbles with ultrasound. Destruction of the cell surface of bacteria by nanobubbles
with ultrasound may be involved in the enhancement of bactericidal effects of low
concentrated sodium hypochlorite.




(SEHEAL - 1)

ELPERE A LIRSS & Ft
AR E R 2, 200, 000 660, 000 2, 860, 000

BF9e4y B - 3L
BHREE DRE - MR - (RIEIRIER R

X—T— R F I RT) ABEWYE. Enterococcus fecalis, IRWEIEZEEET RV v AIRIK.

I

. WFTEBRAE SR D

RAETER O BINIRENOEEL & 2D
KL TH Y | RENOEEHLIZBWTE
B 2D OFRIERET Y 7 A
A% (LLF NaClo) (2 X A RE S CTH 5,
B BEEIR L LT NaClo DIEEE L 6% (b
DT 10%) Eeb —AxAITH S, NaClo
DRITZ ORI ) 72 R H /1T
b, FERBENCHLENT-EETH D,
Loy LER DSB8 1725y RITEA <, R
SASMTIR T 5 LRI - WOk DR E %
g9, £7-. AENIRE LZSEEICH,
KR, REOHELZSIERIT, ZD L&D
A, BREITRVRAE A, WR(EL
THETHZEbd Y., EEFRDRKD
—D Lo TS, NaClo [ ZEAAITH D
DT, BRI D ERAEET, HDHN
IREZHITTCLES> Z &b H D, ZDkH
RGAIC L MEE GO HENLEL D,
BAE, IN—HF LB RAAF 22— 4
AL, IFEOEBERVERIEICZELY,
DL BEENPEEZ2NE D ICHEL T
DM, ERIZZD X D e F AR S DOIER
AHETH D, ZDOX I RFRER 0
WL RS ENE DRy NaCl0 A4 &
EEZEZOLNDD, IWETREOBHITH HIR
BNOERELE 0¥ D Z EoHks7E
FOFRE N AT D LRI, MR EEE
DIRRE PRI IT S D & 2 AFE LRV,

LZATF )LD T LY RS — A
WX, IEMEANA~D RZ v 75 )N —|Z
B 2m#AM e kL L CTHERBEZEOD T
Do T IV ARADY R — b HBEWRIZL
DEERET 2 &Y=y MRDBSFAEL, ZDJH
PH DA & 2\ N R 2% 1 LS80 72 783 &
X, ZIHORENTVIAENSL, ZDOY
AT MIKREBHRNPEL, BEELEWE
wWEINTWD,

2. WHEOER

AWFFRD BJIL, MREEZE Z 0
BEORBERRET N U AR /A
TNENA L, RANTRE NOME OBR
EEITHO ZENTE O ERFTTHI LT
H5,

3. WD I

(DM 72 M &R E RS ICHRT T
XDHUARAT LDIEE

— I E SR EBRET 5%, AT
X, ZER7 LU — MIHNRL - HME K%
BEL, EREShl-ae=—%%2 v
Y RET 5, ZoFEE, BEB X O
IR0, kExZe o 7P Anb O
HEORFHIZ MmO T Wi wn, Al
Fx T MEOEAET HATPIZ L U L
7z T —EBNREELIN, LT 2V
VICHERLTHENET S Z EITE DM
HEZRET D VAT LEBR LI,
O ISIIATPEICEFE L TR+ %
e, EEARHENATETH D,

(2) K% Ve v it o0 28 T R FE DR E
MG EL L SR WIREZRGT
LZHBTT7 vy NOAICHKAY RIEEOD

NaClOZ fEH & ¥, Ik Z 7l L 72,

By hF v T W R
BT DA bR E R O RE
REDOREIZ RN TEMWDE Ay
kF » F N TNaClOlZF / N7 v & ff
ML, R Rz L7,

(4) A& 7E P MEBE (SEM) - FHih T E
TA 85 (TEM) 2 FH W72 F 2 N7 L Hl
[N e AR (SR )



TR TOBRMEIT LD LD RAE
HAZERIEFLTWDENIZOWN TR %Z
1Tolre T/ NRXNTAEZ/EM S -/ME
ZE A A - BHAEE (SEM) 38 & OV il
TEE - BEABE (TEM) I THLZ L7z, M
BT, 18 PEAR S 8 JE & 0 B AL &
BE X E W EHRE I TWD
Enterococcus fecalis (EF) % f#
L7,

4. BFFCRR

(D) oM7Y F TR TR T& %
AT I DORES

HIE O ATP 21y 7 =7 —FITk
T o7- Oy 72— 250 T A F v
a—vr, IRy EUF—PSNIT h—),
FORER. RV AT LEHNDZ LT, M
B Z A EICRETCE 5 Z EBRH LM

10000000
4
o s
1000000
S @
|
'S 1 0 3
3 .
Ié\ 10000 b ’ .
LLLE ’ ’
|C|ZOT
1E400 1E401 1EMR 1EXB 1E04 1E46 1E406 1E47 1E«B
MBEREERERT)

1 KGR (1x1078 i) Z B IR LT
BonizLy 7 =T —PiEk

HMERhT ATP IEPEICIE S Lo 7 = 7 — B
PE, BRI ER T L —F Eoao=—¥
(CFU) %7~

KIGH O BPEA RS %2, KA T A
IZTATP {EHZRET D & & biz, BRY
L— MCHERREL . 24 BB OFER S L — K
BT Have=—%/) 5 CFU (Colony
Forming Unit) %:R&7-, ATP JEM:% JTic
L7eAR T AT A%, MllEE 100-1000 A —4
— IR FEETH D Z ERhoT,

(2) 2242772 NaCl0 P& D

7w NAMITER 2 2RO NaCl0 % R
L RIES S DA HEZ G Lo, 10 58I
X0 OAIZEBIT D FFRNE Z 720 NaClo D

REIL 0.5% LU FTHD I ENRHLNITA

-7,

By hF v E WS
2B D RE 2RO

FEERIZIE, MO a2 I &2 <
b, IF~A v TSRS T A R AGA AT
KIGHEZ W io, T ST il i
AN M i@ (v A 7 m A~vw vy vz
MS-100: b = —F U HNANAALFrT—) |
L OIEMAE L=,

FEEREEA: NaCl0 (0. 5%, 40ul) +fafn N7
TV T (7.5ul) +F 2 NT IR
(2. 5ul) +HEF P ALER (SonoPoreKTAC-4000:
NepaGene, 30%))

FEREE B: NaCl0 (0. 5%, 40ul) +fafn N2z
7V TR (7.5ul) +AEPRAYERR (2. 5ul)
+ & (30%))

FEEREE C: ARPRARIEHR (40ul) +Eafn N7 T
V7R (7.5ul) +AFEER (2. 5ul)
+ B F W A H (SonoPoreKTAC-4000:
NepaGene, 30F))

EEREE DCRFIREE) - AW (40ul) +
fafn s 7V 7R (7.5ul) +AEHEERE
& (2. 5ul) +FHE (30F))

AP EUIATP {EMEZ R & L CHlE LT,
FEEHLFET Student’ s t-testZ AV, HE
KUE 5%d HUME 0. 5 TREEIT> T,

RLU
1E+07

1E+06

1E#05 =

ol [
AZE BE (1= DFE

. - p<005
- p<0.005

X2 : FEERAARE RN BT DM E S DL

L33

T XTI THEE R O LA I B W

T. bR HNE 2 U7,




ZORER, BEIAHEO A (FEBREE Ok
o TR HRRE (FEBREE D) OF 70%E THIEEK
DOWAL»PRO BN, BT, 0.5% NaClo
Z 30 PO AT 5 (EBREE B) 2 Lok,
xF HREEOK 30%F THIE ORI 3G D
LTz, 56T, 0.5%NaCloizF /2 "7
IR L S A 0P (FEBREE A T2 LI
L0 FHE O 1%E THEZSED L
7o HEEMNCITAEEZEDR D B (p<0. 05) |
Bl EBRBEAIL, COBLEBLTHLAER
\CHIBEE B L7z (p<0.005), LA EoDi
L0 ARIREE (0. 5%) NaC10iZ L 2 R 2h 5
. T RNT VIR SO E I &2 O
5 ZEICXKVBEEREIND Z LD B I
otz (M2)

(DTEMZ W72 2 N7 )L ol B 1
R BIER A D = X LD fiE A

E. Faecalis 13, 2ml @ Trypticase Soy
Broth £#Hi (BD) (2 C MR & HEs L,
XTI & Dl 2 FV 2, Iml O
P BRI 2o 1 O U, TS 2 R T A L R B
[CHES L72t2, BOY Iml OJE AR R
TR L=, E. Faecalis ¥&¥iK% 95ul
BERL, 2nl O vy NIV T7F 22—
AL, EBIZ5ul OF 2 3T (FE K
LR R EIC KV EES b 0%
) H25WVITIREEBREER (2> e
— ) i, BEKRBEAESR
SonoPoreKTAC—-4000 (¢ v /X — 2 ALEZE
{#: Freaquency 2. 015MHz Voltage 100V Duty
50% Burstrate 5.0Hz Duration 30sec) T
T 30 UMM 21T o 7o, 7235, M E I Lt
Lo ot 7V ER LTz, ALERfK
T & RIRFLIZ 100ul O 5%D 7 )L 52— )L T )T
t R (TAAB) ZNZ CHEEEIT -T2,
E. Faecalis BX O ) RXTVvEEnE
NEM T NVH— LT IVT e REEEIT-
oo TOH%, KV TNEIRHT 4 T AT
A = TR AT o T2 1%, B E BRI
$ (H-7100: H37) (ZTHREER 20000~10000
fECHEEITo Tz, T/ T IVORRITIZ
FH—TH Y B LZ 100~200nm THY
BAMRICERER ST, —F £ Faecalis .
BB EZ lum Tholz, E Faecalis (ZF
I NT NV BRI U T o 7 BT,
E. Faecalis OREFNISE DT 7 /XT0
BAELTWABMNEIEIN, T/ 7
ZWM LW CHEBE A ZTo7o 2> b

o — VRRIZEBWTIE, £ Faecalis (23 L
W RESFRIZARITERD B e o 7o, — 5,
T NTNAHAE R CREELAB AT o E
Faecal is \IZRWTIE, EEIN-L 5 7B
NEHERD BT,

5. F7p¥EFKEmCHF

(FFFER A . WFZE /PR M OSSR 72
WX FRR)

Ueskims0) (G o 1)

(3R] Gr4ah)
1, 201143 H 2 H

B IS 2t ge s

T K7

[F 7 RT V% GEH LT LV MRE e A
(2B % BEARERIAIFTE )

O RFE—, Bz, HEEH, k%
Wi, R E, SZAERR, SRR

2. 201146 H 9~10 H
%134 8] RIFFES Pk 23 FFEEEEKR

A
Ay

WSS TR T VT T 7 U — b

MEHR R LG SRR T b ) U DEEIRIC T
NT % OF LT UODARE g ik O B
il

O RE—, Bz, sASM, ILTE
e, SEAERERR, PRS- ZHMEEN

3. 2012411 H 22 H~23 H

137 Bl RIS SRR 24 FFEEERKHIR
AN

ey

= E R Y

[ T &VEf &7~ Enterococcus
feacalis 1% 7 BAMK S 2 FH W 7281
£

OB RE— ) B, TEEEE . 37
7B, T EEMF. EHERA

4., 201345 H 23~26 H

5 9 [R5l PR IE = itk
FOXEBR T +— 7 A

[Effect of nano—bubbles on Enterococcus

feacalis: transmission erectron

microscope investigation]
O R¥E—, Nz, HEEWw 1, 241
gLl



(X&) Gtofh)

(PESE T PEME]
ORI (G0 1)

L
FHE
MR
FHPH -
SN
MR A
ENS DRI

OBAHIRIL (G0 1)

L
FEAE
HERF
FEAH
HE
IEHFHA
EINAL DR -

(Z D)
IR b

6. WFITHEAR

(1) WFgeRsH

R
HORERF R R g 5 I 5 Rk Ah
W5+ 80586309

(2) WFFesy 188
C )

WHoEHE &

(3) EEEMFIEH
C )

WHoEHE &




