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The biofilm removal effect of MnOz-diatom microbubbler from

the dental prosthetic surfaces: In vitro study

Eun-Hyuk Lee!, Yongbeom Seo?, Ho-Bum Kwon!, Young-Jun Yim!, Hyunjoon Kong?, Myung-Joo Kim'*
!Department of Prosthodontics, School of Dentistry, Seoul National University, Seoul, Republic of Korea
’Department of Chemical and Biomolecular Engineering, University of lllinois, Urbana-Champaign, Urbana, IL, USA

Purpose: The aim of this study is to evaluate the effectiveness of MnO -diatom microbubbler (DM) on the surface of prosthetic materials as a mouthwash by comparing the
biofilm removal effect with those previously used as a mouthwash in dental clinic. Materials and methods: DM was fabricated by doping manganese dioxide nanosheets to
the diatom cylinder surface. Scanning electron microscopy (SEM) was used to observe the morphology of DM and to analyze the composition of doped MnO,.
Stereomicroscope was used to observe the reaction of DM in 3% hydrogen peroxide. Non-precious metal alloys, zirconia and resin specimens were prepared to evaluate the
effect of biofilm removal on the surface of prosthetic materials. And then Streptococcus mutans and Porphyromonas gingivalis biofilms were formed on the specimens. When
3% hydrogen peroxide solution and DM were treated on the biofilms, the decontamination effect was compared with chlorhexidine gluconate and 3% hydrogen peroxide
solution by crystal violet staining. Results: Manganese dioxide was found on the surface of the diatom cylinder, and it was found to produce bubble of oxygen gas when add-
ed to 3% hydrogen peroxide. For all materials used in the experiments, biofilms of the DM-treated groups got effectively removed compared to the groups used with
chlorhexidine gluconate or 3% hydrogen peroxide alone. Conclusion: MnO -diatom microbubbler can remove bacterial membranes on the surface of prosthetic materials
more effectively than conventional mouthwashes. (J Korean Acad Prosthodont 2020;58:14-22)
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7 ] wfjZol] T7A ](mouthwashes)&} e 5hebA v
goto] O L2 318 9S4 Ak’ mepA Aol BEA

1,:_ E Al&5l= HbH Sbgl glebE HbE ot
Shka xlopo-Aolut 1% Asks} 2o 77 WS o I
©.2 ot & gl

PRARAE e S77 a7lE0] ALRET Sk o F
22| FFFY|o]E(chlorhexidine gluconate)= 1970
i M50 2 Al a7t Qokal BEd ol aapAo|al ¢F
Axe 2 Al A7sHe AR Bl 1 AibEo 2 ALe
£ AR F SOIRITE IR ARE A] Aloht Az
of WA, Bz} ol4t 5] BR8-S SUBRE T AT T
BH7gA|Q) Aol Fasjet

3|2 A B TF Fofo| A MnO,-diatom microbubbler (DM)z}
£ ME7F AN, RIE) AIA D 7294 Rl tigt &
Ado) & 5 & Ao 7= EFES 2T Uk o] A
s& Al 37t Aldars AlASH] S8 ghEolzl vjAl ¢
A2, 95 FEY 27 AE7tel oliEdtHMnO,) Y /\T
8 EAsHol WERIT oA HE DS %

AN =2 & Ao glS AFuro] AT Hoo] &
558 @, H415H 5 Aceel] DM KIS0 4 ThA 7
T E MAGIH 0|2 530 2 o] AAR LEAS VK| &
Zlo|a1, Algtute] M o] 1 EX}F 2 x](Extracellular polymeric
substance) S BESIO] 11 ¢tof nA| 7|Z 2 A& A Al
& a0 R A 5 A sl g
(polydimethylsiloxane) 7% WMol Escherichia coliS 7XGA|
713l 3% Iatskp i o 2 x25kels o 30 F °F 80%
Aigetol o)z olgigtont, 3% THatsieadol DME
7 XMe]ol e w e Al eto] AA= et B s St

DM x|2t mjzofl tisl] Aletet Al &7} obF] B Ex]
Skl O]F =FolA AFEE M2 E. coliZ -7 At
2i4do] ojzic). & ApolMe DMe] A3} Robe] S8 9
3l 23 HEE A8 & AF AL EE 24, A2 F Yo}, #RE
ddo 2 XFASS FUsts d714d Ml Porphyromonas
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gingivalis@} X|o} A& Gl S7)4 M2l Streptococcus
mutans®] AlT8HS /5 H 7|Eol| FAMEAZ AFEE O] 2
ZE2EIAY FFRIY0|ES} 3% Hiteteis, 80 AF
Al 219 DM At et AlA &3HE Hlal 241513
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o] Atol| A Aletet R A &3tE &RI6taLA} Sh= MnO,-di-
atom microbubblerE A|=}5}7] 915l (3-aminopropyl) triethoxysi-
lane (APTES, Sigma-Aldrich, St. Louis, MO, USA)2} ¥F-3-5}
of obul7|z A TEF YRHE FHlsIch LEA, BF &
7], N, 7b220] B 37 52 uek Eehas vjo] 60 mL
o] BRAL B, of7lo] 2 go] FEF YRS Y SRS
0.6 mLE EgBo] sk ALo|A] 247 B9t 4Gtk o]
o], 3.4 mLo] APTESE &3H2o] A7}sl 11, o] 60°ColA 6
A7 B9 SRAZ o) EYEE WA B, 2%
2HE 9 TFSE 33 AESIQI o]#A d& MES TF
ZAZ7] Yol A 29 &< ARAIZ BEx|2t e 2, 0.1 g9 ofgl-
A AE2FE 1 mLe] 50 mM I g7HHHE(KMnO,, Sigma-
Aldrich) &-llo]] J7}s}al 2ol 30 5<t 223} X2 51
t}. ofojA, MEE Astal /S H TS E 33] AHsH
ot AR A& 60°Col A 5 3¢t @ BoflA AZAIZA.

kst agro| A DMO] ¥ES-S A|ZHE 0= B 7] Qlsl A
& @u]7(Leica S6D, Leica, Wetzlar, Germany)& ©]-835}%1
E} 24-well tissue culture plateo] DM 5 mgS €91l SF5

—_—

=
LE YolF dx2 3% e 4A5E ¥ APES
0, 30, 60, 90, 120% 0] &d5}o] v| W5}t DME] FAFEKR};

An|Z(SEM) ©]u]x]+= Phenom ProX (ThermoFisher Scien-
tific, Waltham, MA, USA)Z o] 83}¢] 15kva Zadatgic}.
Aol AREH AlHS 27 10 mm, F7] 2 mme] ¢ Fej=
ARSI AR AR Rl Bk, HAEE g0

t}. AJH 9] tJR}91S Meshmixer (Autodesk research, New York,
NY, USA)E o] £33 (Fig. 1A), o] 2T E0]S o] &3}
of BHE STL W4le] U olgato] LT Fejol g Uy
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Fig. 1. Disk specimens used in experiments. (A) 3D stl file designed to produce disk shaped specimens, (B) Polymethyl methacrylate block, (C) Casting wax
block, (D) Zirconia block, (E) Polymethyl methacrylate disk, (F) Metal disk, (G) Zirconia disk.
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71(DEG-5X100, Arum, Frankfurt, Germany)2 A|zs}53ct. 2
Z] A|H-& polymethyl methacrylate (PMMA) E-Z(Monolayer
PMMA block, Huge, Shanghai, China)& d35}o] #|&61%
1 (Fig. 1B, 1), WI724 g2 A9L oA B2 (Casting wax,
Huge, Shanghai, China)& YE3t 9y G wi= 2 Fx05}
of AlEtelelet (Fig. 1C, IF). 70 AR 242 2&wA2
A&k AFREl= UA-32 gFZo|9ith(Bellabond plus, Bego,
Bremen, Germany). X]|2 ZUo} A|H-& X2 7o} B-E(Razor
zirconia, UNC, Seoul, Korea)E 235} A|=Fs1Sict (Fig. 1D,

181 & 4 QIS Elo AR
A S Q& 1A 308 SRE ]R3 e
LAEZ7]E &9 F(10 min, 4°C and 12,000
=ojnh B} o] AEeS 1:12] &R phosphate
buffered saline (PBS; pH = 7.4)9} 5]245}31, 0.2 um Minisart
syringe filter (Sartorius Stedim Biotech GmbH, Gottingen,
Germany)E o]-85}o] LE|YSIct. ZF AJHE 24-well tissue
culture plateo] W3 HE{zo] 2 ol 300 LA Yolzn
37°C ROl 4A1RE B9 TS Fgsi st
Elole =S A|H| P, gingivalis (ATCC 33277)&}F S. mu-
tans (ATCC 25175)F 22} vljesto] Alatuts /g5l Al
H 3| P, gingivalis A4S 3/35l= 742 Sanchez 5
o] 7|& gt ol ukel R8sl P gingivalisE 5.0 mg/
L2] hemin (Sigma, St. Louis, MO, USA)3} 5.0 ml/L9] vita-
min K (Sigma, St. Louis, MO, USA)E 33}S} brain-heart
infusion (BHI) (Becton, Dickinson and Company, Franklin
Lakes, NJ, USA) Hix]of|A] 37°C 259 7] 3 ol A Hl
Fs1HTH10% H,, 10% CO,, and balance N,). S. mutans+=
Tryptic soy broth (Becton, Dickinson and Company, Frank-
lin Lakes, NJ, USA) HjX]of] o] 37°C 2=2] 57]|/d 79
Al BiFSEITE. 37°ColA] 4A17t 59F Bt S FESEAL 2 mL
9] PBS & o 2 MJZ3t 24-well tissue culture plate Qtof] &
o]l Zhzho] AlHol 1 x 107 colony forming units (CFU)2]

Al 1 mLA HF8IAe o1F o1& P gingivalise @71 3

N

3
8
ox

B

H WollM, S. mutans= 27173 SH70l| A 4817t vl &5t STt
M2 ujeF & 1 mL PBS §o1o 2 ZF A|JHS H|HSH 5 A=
& 24-well tissue culture plate2 &71Fc}. ZF AJEHLS A2
2 5709] o2 W AR FIsgsint. (1) six]gt Z s}l
Al F/dskA] &2 &, (2) PBSE AAgH 7 (PBS group,
ET), (3) 0.12% SFEEIANY SFIUY0E &a& &Y
Sk & (CHX group), (4) 3% ZHitstea4E AEeE o (H0,
group), (5) 3% IHiFetpago] 5 mg/mLe] DM= ¥ol&E
(H,0, + DM group). Z} A|HL 287 2] & 1 mL PBS 910
2 23] M| & A2 24-well tissue culture plate 2 &713$Ith

ZF MR R AE & Al AA 23 gRlstr] flsl Al
FHol| FolRlE AletelE crystal violeto. = PMsh= A&
ZYstct AlHo] 5019+ wellof] 1% crystal violet (Junsei
chemical, Tokyo, Japan) &8 1 mLE Y11 do] x}HE 370
A 1027 3 Folls Mlatehe GAstct a4 & PBS
gollo 7 35 NHESIR L, M2 24-well tissue culture plate 2
71 1 L9] acetone-alcohol (20:80, vol/vol) 8- o]-g3)] &
AEEeIct. o] A A FFLEF 595 nm oA Ab-
sorbance Microplatereader (Epoch 2, Bio-Tek, Winooski, VT,
USA)E F7sH3T.

Crystal violet Alwt2 M A3-& F5l PBSE A& =+
1} Z+Z}o] ASH(CHX, H,0,, H,0, + DM group)2] Ho H|al
£ 915} one-way ANOVAS o] 2:3}53c}. % 3 Afolol EAlst
Ao 2 felak AHo]7} SHzr] o3 Tukey's test 2 AR
7ol AFEH Z 2 1 Prism 8 (GraphPad, San Diego, CA,
USA)o|th.

21}
1. MnO,~diatom microbubblerQ| M|Z+ & A4%!
o] Adde] AFEE [ E2F YR FHol F 27 500 nm

o
9] Fgo] FAE] e £ol ¥l HF FHZ, o] 4T F
73 10 um, Z4o] 18 um$Ich (Fig. 2). MA] o] #2257 UR=

Fig. 2. SEM images of the MnO,-diatom microbubblers.
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Table 1. Atomic percentages of MnO,-diatom microbubblers

DM 1 DM 2 DM 3 Mean + SD
Si 17.6 16.1 14.9 162+1.1
Mn 0.9 0.7 0.6 0.7£0.1
Others 81.6 832 84.5 83.1+1.2

DM 1, DM 2 and DM 3 represent three different MnO,-diatom microbub-
blers used for atomic percentage analysis.

(3-aminopropyl) triethoxysilane (APTES)ol 2Jsl &/dst =3
o, YT E(KMnO,) S SHUAIA ogl-x[g 27/l o]
AR U AEE £33 At FARAENE S 5 o
A B8 Zitg B AF P9 2R FH Yk o] FQl
Z| 3} (Table 1).

2 AR

Fig. 3. Time-lapse images of the microbubbles. (A) DMs with distilled water
(DW) and 3% H,0, solution (x 6.3). (B) DMs with DW and H,O, solution
in 1st, 2nd, 3rd and 4th cycles at 2 minute intervals (x 40). Mixing DMs with
H,0, solution created a lot of microbubbles at first, but the amount gradually
decreased over time. If H,0, solution is added again, microbubbles were
generated violently. But the amount decreased as the number of times is re-
peated.
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DME 4ol Yord obd vha-o] dojubx] x|, 3%
Wtk agol] Yom Jba 71A gl wEoXle Ae &
= At} (Fig. 3A). §H5-0] AJAFEAL AJ7ko] AU 2has 7R &
ol o1& "t 01710l 3% HatskeaaE Tl ol
THA] 2ba 717 E2go] S71skRTh7t Aol Aol wheh 2
St7 "t (Fig. 3B). 3% IAitekeaaE F712 Yolg woftt
A2 717 Aol F7FSkAIR Sl S W HhSo] A

R
ofslixle As & & Aok

y fo

2. Ml M7 &t

TZARAR 7180 AHEEE CHXS} 3% BHitsteass, 1
2L AFA Qe BRI DME] Al A B35 Yot 7]
95 MHuHS crystal violetO 2 QMste] EF LS S 1
98 vlashs AP NYsiic

4, X Z2FUot, PMMA #HZl Al#Ho P. gingivalis Ml«%
& @/dstaL 227t Z47ke] XElE Alsstle wl CHX group}
H,0, groupoll A ‘FolRl= Altel2 PBSE R A &3 tj &=}
H|w5lo] G-ojnjsh xo)7}F Gt (Fig. 4, Table 2). 121t DM
= 3% et ag A3t 97 X2]§E H,0, + DM groupd]|
A BE ERY ABM BARCR Fou Al2e A7
SE Bt} (Metal: P < .05, Zirconia: P < .0001, PMMA: P
<.0001). =3F R E RBoA 3% st 440 DME 3
MelalE ool 3% Iatsteasnt MejalE FET SAFS
= golulaiA] Al@ete wol MASITE (Metal: P < 01, Zir-
conia: P <.0001, PMMA: P <.0001).

S. mutans’s 3O 2 S AFolME BE A72] AlHA A
CHX, H,0,Z xJ2|3t Ag+9] 749 PBS2 H&g =3 &
oJu]st x}o]E K o|X] ¢k o L} (Fig. 5, Table 3), DM} 3% 3}
Wek5pa5E W NS A a2 vaste] §ojnjs)
A He A@atol ob 91 B 4 YT (Metal: P < 0001,
Zirconia: P <.0001, PMMA: P <.0001). 18]l & zj 5 oA
3% Iakslae 4 a0F DME 9 MElsliE 73971 3% 2Hatets
a4t RS AT Aol folnlshl A0 dolglg)
t} (Metal: P <.005, Zirconia: P <.0001, PMMA: P <.0001).
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Fig. 4. Biofilm (P, gingivalis) removal efficiency experiment. (A) Images of remaining biofilms stained with crystal violet after each treatment for 2 min. (B - D)
The amount of remaining biofilms on the disks made of metal, zirconia and PMMA after treatments. In all materials, only H,O, + DM group showed signifi-
cantly lower amount of remaining biofilm compared to PBS group.

Table 2. Biofilm (P, gingivalis) removal efficiency experiment tested by Tukey’s multiple comparison test

Mean Diff. Significant Summary Adjusted P value
Metal PBS vs. CHX 3.962 No ns 1.000
PBS vs. H,0, -26.900 No ns 626
PBS vs. H,0, + DM 71.730 Yes * 023
H,0, vs. H,0, + DM 98.630 Yes ok .003
Bac (-) vs. H,0, + DM -13.110 No ns 953
Zirconia PBS vs. CHX 27.400 Yes * .010
PBS vs. H,0, 1.937 No ns 998
PBS vs. H,0, + DM 87.690 Yes kK <.0001
H,0, vs. H,0,+ DM 85.750 Yes kA <.0001
Bac (-) vs. H,0, + DM -2.272 No ns .996
PMMA PBS vs. CHX 7.830 No ns 778
PBS vs. H,0, 16.760 No ns 176
PBS vs. H,0, + DM 75.140 Yes A <.0001
H,0, vs. H,0, + DM 58.380 Yes kA <.0001
Bac (-) vs. H,0, + DM 3.228 No ns 988

ns: not significant, *: P <.05, **: P < .01, ***: P < 005, ****: P<.0001.
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Fig. 5. Biofilm (S. mutans) removal efficiency experiment. (A) Images of remaining biofilms stained with crystal violet after each treatment for 2 min. (B - D)
The amount of remaining biofilms on the disks made of metal, zirconia and PMMA after treatments. In all materials, only H,O, + DM group showed signifi-
cantly lower amount of remaining biofilm compared to PBS group.

Table 3. Biofilm (S. mutans) removal efficiency experiment tested by Tukey’s multiple comparison test

Mean Diff. Significant Summary Adjusted P value
Metal PBS vs. CHX 10.930 No ns 742
PBS vs. H,0, 12.870 No ns 622
PBS vs. H,0, + DM 74.800 Yes ok <.0001
H,0, vs. H,0, + DM 61.920 Yes ok .000
Bac (-) vs. H,0, + DM -16.520 No ns 405
Zirconia PBS vs. CHX -1.224 No ns >.9999
PBS vs. H,0, 4.174 No ns 991
PBS vs. H,0, + DM 80.900 Yes kA <.0001
H,0, vs. H,0, + DM 76.730 Yes kA <.0001
Bac (-) vs. H,0, + DM -10.450 No ns .805
PMMA PBS vs. CHX -8.499 No ns 442
PBS vs. H,0, -11.040 No ns 224
PBS vs. H,0, + DM 74.780 Yes HkEE <.0001
H,0, vs. H,0, + DM 85.820 Yes HkEE <.0001
Bac (-) vs. H,0, + DM -14.090 No ns .088

ns: not significant, *: P <.05, **: P < .01, ***: P < 005, ****: P<.0001.
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A FOIE AL 2 4 g o= 7159] steba o7} At
o] ol 5pgo] oJsh 1 UfRol Y= Aol JFL HxIA] R
W EAE 25 BE) Ao AZElE 4 glc. THatsie
a7} olstgzre) Sujakgol ols) B3} Ak 71HE WS
S o] BSolE At JIA} AR BHe] AL 1
S5 9F U2 ol Bk 9 Rl 591 Ak Az &

g PAell B, A% e 76 B2 BES wn 7
F 0l YRR FAS 20 oS5 Hk. 3% st ad
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Aol FEF nAARHEe] Aot FESA B3 1 R
N A%ste] a Hee BEsh o5 Bk A% 0l
RS ol AE o] TR 2o wlE Al U 3}
AeaE o 2 HEY 4 QA E7] o] 3% Faskia
P02 Aol W BEE DME % Sk del 1]
Aelgh oM o mabo 2 ARehe AAT 5 Y9k
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2ol 28517 ofRickE 7L ISk DME £ ol
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20

ol §&5t= A2 AEZ &4 5 A& 4o

Aol AFEE 3% 55 9] Hatstpags o

Faol w2 okg Qo
mutans= 271/ Moz Ad EFE

r_>¢ i)

= AlLS o) *8}‘— Algtolm,* P gingivalis= @717 Al
Foz wupe Balstel AFUBO} ABVERAY S
Aelgoltt ¥ wj o) P gingivalis®t S. mutans= F-73 AR
o] aE AFchHe Aol A AREEOIRAL, DM o] &= A
T BN T2 7]1ES] AR ol vlal S5t Aldtet A
A a8 RGP A Furs XA & A|ET} AlZut
o DM} 3% 4ty E9F S 277 X 2gh AP
S v 2SR S WE B P gingivalisS} S. mutanso|A B5
AR o2 folngt zto)7h gIgith (Table 2, Table 3). & Alg-2}
& WAohR] @S AT u2e AR auE Az AA

F37F A3k

o A= 71E AR Z AHEEIA] 2 A2 A
521 DM &E A5t 11 7F5 A RAIsH:E Ao 251&
FACH AA| LZAPAZ AFEE 7R rFst et BE
Azl w2 g abol sk F7F A 9 Al A B E AES

Ee gl 4%

o

So 5% ¢ W Aoz Aze).

E50] oY e AL 2
Mo g =FEALS FI5tAT) sHdH MnO,-diatom micro-
bubbler & 3% IHitstaas SNt 94 XEetGs w AA
7)Aol AR, AlFeto] AT AHel 2§ 515e 1
Z2ESAY FRIO|EL BaTsHs s s AlRetS
g afE o % AASIH. o] MRS AN FAAPARE A
517] HaiMle B sEot At M2 gt tigh F7F A
2 oty A A=o| ¢ = QS Aot}

ORCID

Eun-Hyuk Lee https://orcid.org/0000-0002-7018-7072
Ho-Beom Kwon htps.//orcid.org/0000-0003-4973-7727
Young-Jun Lim https.//orcid.org/0000-0003-2504-967 1
Hyunjoon Kong https.//orcid.org/0000-0003-4680-2968
Myung-Joo Kim Attps://orcid.org/0000-0003-2020-5284

References

1. Thomas JG, Nakaishi LA. Managing the complexity of a dy-
namic biofilm. J Am Dent Assoc 2006;137:10S-15S.

2. Slots J. Subgingival microflora and periodontal disease. J Clin
Periodontol 1979,6:351-82.

3. Axelsson P, Lindhe J. The effect of a preventive programme

CHEkR |22 Ests|X| 584 15, 202044 12



|2t B THE EH0i|M MnO,~diatom microbubbler®| A} K[7{ &3t ¢43L: In vitro study

10.

11.

12.

13.

14.

15.

16.

17.

18.

on dental plaque, gingivitis and caries in schoolchildren. Re-
sults after one and two years. J Clin Periodontol 1974;1:126-
38.

. McKendrick AJ, Barbenel MH, McHugh WD. The influ-

ence of time of examination, eating, smoking and frequency
of brushing on the oral debris index. J Periodontal Res
1970;5:205-7.

. Binney A, Addy M, Newcombe RG. The effect of a number

of commercial mouthrinses compared with toothpaste on
plaque regrowth. J Periodontol 1992;63:839-42.

. Wu CD, Savitt ED. Evaluation of the safety and efficacy

of over-the-counter oral hygiene products for the reduc-
tion and control of plaque and gingivitis. Periodontol 2000
2002;28:91-105.

. Gunsolley JC. Clinical efficacy of antimicrobial mouthrinses.

J Dent 2010;38:S6-10.

. Barnett ML. The role of therapeutic antimicrobial mouth-

rinses in clinical practice: control of supragingival plaque and
gingivitis. ] Am Dent Assoc 2003;134:699-704.

. Loe H, Schiott CR. The effect of mouthrinses and topical

application of chlorhexidine on the development of dental
plaque and gingivitis in man. J Periodontal Res 1970;5:79-83.
Addy M, Jenkins S, Newcombe R. The effect of some
chlorhexidine-containing mouthrinses on salivary bacterial
counts. J Clin Periodontol 1991;18:90-3.

Grossman E, Meckel AH, Isaacs RL, Ferretti GA, Sturzen-
berger OP, Bollmer BW, Moore DJ, Lijana RC, Manhart MD.
A clinical comparison of antibacterial mouthrinses: effects of
chlorhexidine, phenolics, and sanguinarine on dental plaque
and gingivitis. J Periodontol 1989;60:435-40.

Santos A. Evidence-based control of plaque and gingivitis. J
Clin Periodontol 2003;30:13-6.

Scheie AA. Modes of action of currently known chemi-
cal antiplaque agents other than chlorhexidine. J Dent Res
1989;68:1609-16.

Haskel E, Esquenasi J, Yussim L. Effects of subgingival
chlorhexidine irrigation in chronic moderate periodontitis. J
Periodontol 1986;57:305-10.

Seo Y, Leong J, Park JD, Hong YT, Chu SH, Park C, Kim
DH, Deng YH, Dushnov V, Soh J, Rogers S, Yang YY, Kong
HJ. Diatom microbubbler for active biofilm removal in con-
fined spaces. ACS Appl Mater Interfaces 2018;10:35685-92.
Sanchez MC, Llama-Palacios A, Blanc V, Leon R, Herrera
D, Sanz M. Structure, viability and bacterial kinetics of an in
vitro biofilm model using six bacteria from the subgingival
microbiota. J Periodontal Res 2011;46:252-60.

Richmond S, Chestnutt I, Shennan J, Brown R. The relation-
ship of medical and dental factors to perceived general and
dental health. Community Dent Oral Epidemiol 2007;35:89-
97.

Locker D, Matear D, Lawrence H. General health status and
changes in chewing ability in older canadians over seven
years. J Public Health Dent 2002;62:70-7.

thStR |t Eeks|x| 583 15, 2020 1

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Valderhaug J, Birkeland JM. Periodontal conditions in pa-
tients 5 years following insertion of fixed prostheses. Pocket
depth and loss of attachment. J Oral Rehabil 1976;3:237-43.
Yoon JH, Park YB, Oh NS. Analysis of longevity and success
rate of fixed, removable, and implant prostheses treated in
Korea. ] Korean Acad Prosthodont 2018;56:95-104.

Mandel ID. Chemotherapeutic agents for controlling plaque
and gingivitis. J Clin Periodontol 1988;15:488-98.

Chaves ES, Kornman KS, Manwell MA, Jones AA, Newbold
DA, Wood RC. Mechanism of irrigation effects on gingivitis.
J Periodontol 1994;65:1016-21.

Segreto VA, Collins EM, Beiswanger BB, de La Rosa M,
Isaacs RL, Lang NP, Mallatt ME, Meckel AH. A comparison
of mouthrinses containing two concentrations of chlorhexi-
dine. J Periodontal Res 1986;21:23-32.

Grossman E, Reiter G, Sturzenberger OP, De La Rosa M,
Dickinson TD, Flrretti GA, Ludlam GE, Meckel AH. Six-
month study of the effects of a chlorhexidine mouthrinse on
gingivitis in adults. J Periodontal Res 1986;21:33-43.
Badwey JA, Karnovsky ML. Active oxygen species and
the functions of phagocytic leukocytes. Annu Rev Biochem
1980;49:695-726.

Clifford DP, Repine JE. Hydrogen peroxide mediated killing
of bacteria. Mol Cell Biochem 1982;49:143-9.

Brown MR, Gilbert P. Sensitivity of biofilms to antimicrobial
agents. ] Appl Bacteriol 1993;74:87S-97S.

Dostie S, Alkadi LT, Owen G, Bi J, Shen Y, Haapasalo M,
Larjava HS. Chemotherapeutic decontamination of dental im-
plants colonized by mature multispecies oral biofilm. J Clin
Periodontol 2017;44:403-9.

Ikai H, Nakamura K, Shirato M, Kanno T, Iwasawa A, Sasaki
K, Niwano Y, Kohno M. Photolysis of hydrogen peroxide, an
effective disinfection system via hydroxyl radical formation.
Antimicrob Agents Chemother 2010;54:5086-91.

Wennstrom JL, Heijl L, Dahlén G, Grondahl K. Periodic sub-
gingival antimicrobial irrigation of periodontal pockets ().
Clinical observations. J Clin Periodontol 1987;14:541-50.
Featherstone JD. The science and practice of caries preven-
tion. J Am Dent Assoc 2000;131:887-99.

Mombelli A. Microbiology and antimicrobial therapy of peri-
implantitis. Periodontol 2000 2002;28:177-89.

Potempa J, Sroka A, Imamura T, Travis J. Gingipains, the ma-
jor cysteine proteinases and virulence factors of Porphyromo-
nas gingivalis: structure, function and assembly of multidomain
protein complexes. Curr Protein Pept Sci 2003;4:397-407.
Abhrari F, Eslami N, Rajabi O, Ghazvini K, Barati S. The anti-
microbial sensitivity of Streptococcus mutans and Streptococ-
cus sangius to colloidal solutions of different nanoparticles
applied as mouthwashes. Dent Res J (Isfahan) 2015;12:44-9.
Zahradnik RT, Magnusson I, Walker C, McDonell E, Hillman
CH, Hillman JD. Preliminary assessment of safety and ef-
fectiveness in humans of ProBiora3, a probiotic mouthwash. J
Appl Microbiol 2009;107:682-90.

21



ORIGINAL ARTICLE

X2t BEE T8 EH0M MnO,~-diatom microbubbler?]
N2t M7 g2 ¥4t: In vitro study

O 541 2. =1 ko N *
0|28 - KB HEY - YBF' - BHEF - UBF

=H: & A7 552 HAE A g #HA MnO,-diatom microbubbler (DM)2] Alwt e} Al A &35 71E 0l 213} Aol AR = AHEE AL Q=
35T vlaste] o] Aj5rt LAAEA R AHEE 4 Sl 7He S B7Iske Aoltt
HE L g o] 27t U AJEZ =38 DM & RHElAL, FAPHAFAR]Z(SEM)& o]-8-5to] gefol st ha 9 =% MnO,9] /d& B4 &
AIRYSFRATE. 3% THksp Aol A DM BES-S AlTte] wht $HasL7] Qfel AR dnldE o] 85tict. B Als 9o Alwtet A|A a3t F7tst
7] $1ah v & &, A2 E Yo}, 7 AlEE AEFeIA AL R|ope-A]2] Qlgtoln B71/3 Ml Streptococcus mutans$t X157 Q10| 3
71’3 M@ Porphyromonas gingivalis A@org 712t B4s1ict. 9E Alduroll 3% k4249t DME Aejsigls o) A2et AA ante 2
22N ZE AU 0| ES} 3% BHIsHpaS0] 790 crystal violet A ¥ B3 ula Brlsgic)
At o ¥l YT e fxRFol ol "é%‘ﬂ AR, 3% TS Ao A 7IHE THEoUlE AS FRIE 4 QUi Ajdol o] 8H
RE AgolH DME M o] FREIANY FRIAUOIEY 3% Fitstrad TEo R ALSE wof s §AF R fofaiA Aldeg a3
’%Ei A AT

: MnO,-diatom microbubbleri= B A5 BHE] Mlwtuls 7|E9] LA ditol vl of S48 0 2 AAE 4= Qlot. (dferx]2} 2 FH3]5]A]
2020,58. 14-22)
Footo]: x]g); Z4FH4; MnO,-diatom microbubbler; T-72A %A, 73948
*A AR S ©?2020 Thekx| 75 M 8}3)
03080 A& F27 tfef2 101 Af&uell x|ejsfelehel x| 2 Eotad @o] F-& Aojolel AN= Azjof KMARHEA-H] 2] 4.0 eI ol Ao wa}
02 2072 2661: e-mail, silkl@snu.ac.kr 0] &5}H4 2= 9lUeh

) 20199 9¢ 169/ AR FELFY: 201949 109 19/ e 20199

Iog 79
0| =2 SR T Y AU ATFTHA] At] Xl ofsf o] Fo17] ZATAHE01-2019-0013)<1.

2 Lt EstelX| 58 13, 2020 1



