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[Abstract] Objective To investigate the effect of different decontamination methods, including photodynamic thera-

py, sandblasting and titanium curette, on titanium surface morphology and bacterial adhesion for the treatment of peri-
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implant disease. Methods Porphyromonas gingivalis (Pg) and Fusobacterium nucleatum (Fn) were inoculated on the
surface of polished titanium specimens, and titanium specimen surfaces were treated with different decontamination
methods after incubation. The titanium specimens were divided into a no-treatment control group, photodynamic group,
sandblasting group and titanium curette group according to different decontamination methods. The changes in titanium
surface roughness were observed by atomic force microscopy (AFM), and the remaining bacteria on the titanium surface
were observed by scanning electron microscopy (SEM) and live/dead bacteria staining tests. After reinoculation of Pg
and Fn, bacterial readhesion was observed on the surface of decontaminated titanium specimens. Results The AFM re-
sults showed that the surface roughness of the titanium curette group was significantly higher than that of the no-treat-
ment control group, photodynamic group and sandblasting group (P < 0.05), and there was no statistically significant dif-
ference between the no-treatment control group, photodynamic group and sandblasting group (P > 0.05). The results of
contact angle measurement showed that the surface contact angle of each treatment group was smaller than that of the no
-treatment control group (P < 0.05). The SEM results obtained after the titanium specimen surface was decontaminated
showed that the number of bacteria on the no-treatment control group surface was higher and the bacteria were relatively
concentrated. The bacteria on the surface of the photodynamic group, sandblasting group and titanium curette group
were scattered and distributed in small numbers, and most bacteria on the surface of the photodynamic group were rup-
tured. The results of the live/dead bacteria staining experiment showed that the percentage of dead bacteria on the sur-
face of the photodynamic group was significantly higher than that of the no-treatment control group, sandblasting group
and titanium curette group (P < 0.05). The remaining bacteria on the surface of the sandblasting group and titanium cu-
rette groups were mainly live bacteria. The remaining bacterial adhesion on the surface was significantly reduced for the
sandblasting group compared to the no-treatment control group and the photodynamic and titanium curette groups (P <
0.05). SEM and live/dead bacteria staining results of bacterial readhesion on the surface of titanium specimens showed
that there was an aggregation of Pg on the surface of the titanium curette group, and its surface bacterial adhesion was
significantly higher than that of the no-treatment control group, photodynamic group and sandblasting group. Conclu-
sion In mechanical decontamination, sandblasting machines are a better option than photodynamic therapy and titani-
um curettes; however, sandblasting does not remove all bacterial contamination. For sterilization, photodynamic therapy
is more effective than sandblasting and titanium curettes. A combination of sandblasting and photodynamic therapy
methods for the treatment of peri-implant disease may be considered in clinical practice.

[Key words] peri- implantitis;  Porphyromonas gingivalis; — Fusobacterium nucleatum; — photodynamic therapy;
sandblasting; titanium curette; implant; roughness; plaque; debridement; bacterial adhesion

J Prev Treat Stomatol Dis, 2023, 31(7): 465-472.

[ Competing interests] The authors declare no competing interests.

This study was supported by the grants from National Natural Science Foundation of China (No. 82170955 and No.
81530051).

B & O ARG B3R 97 F R IR G & e, 5%
M AL I RS e 19 A 25 O R E B AR 1
i B AR R — A LR R AR 28 O RORE
T2 TR R (AR ] L G P R AR ] L2 S R A
TR (% ) PRl 4% o o A ] T 80 S G R 48 T A S
B SO RS 1 B e 1 R 4R BB 4 21
1) 9 M AR 2 R R AR ) P A ) L
I o AL A2 ] B 2 L o AL A ] Pl 8 2 A1 4L 1) 4 i %
HREB AL AT RO RRIED A R B0
PRTI G AN 5 — 00 meta 34T 71, FPRE {4 5] B 268
R H R 23.9% ~ 88.0% , iR {4 J&] Fil 46 K e
Fh 8.9% ~ 45% ", 31X — Ty T < B FoRE AR S PR 119

SR RBL R, I3 — 5 A R W AN [ A AR
e BB LA SF R M H 2 S R . Monje 35 1Y
— JGUAE T 1A A9F 5 A B, AR RS -2 46 S H IR
JYRE VT WKy BEAT AE4P 16 97 Y S8 5 LUAR M PE
25 ) [ A2 W7 o e 1A [T 92 A T BE R B0
PRI, T A 47 1] S 907 136 7 R R R ) R
K,

Toft RELAS JA] 1) T BXE 2 S8y 22 A 5 S T A
22 TP R 4T A 2E K, 5 A A A P2 R AE R
REMS, REH I I 27, Hoh WE e E S
MR R RV G DI, SRR AR R T T
it 25975 7 2O 7 2 AR R AR S T A P DA T 52 1



b

AisEmmbiie 202378 £31% £7H
Journal of Prevention and Treatment for Stomatological Diseases, Jul. 2023, Vol.31 No.7 http://www.kgjbfz.com - 467 -

90 T 280 O X 4 o e S 280 I R A LA T i
H W AP U N T2, H AT ALK B
W07 E B AR AR MFEARIRYT AEFAR
Y7 RN €Y b Ak B OER T Otsh
JP AR o AR, _BIRE Y 7 U 1R U R AR R R
T A P B S 5 24 o s MR RS ) T 2 2T, B
R AL AR Jo R 94 Ak BRATS ke = 23 N B B AR R 97
T %o AR i WAL L B ik (iR mE i
AR BRI R 3 7 A8 A4 25 79 0 15 07 SO0 A
PRBRAS 22 TR B B2 0, JF R4 T 40 R BR8OR
i S0 00 T O 286 RS 1 LB, A e IR TBI7 K3 9T
FELA S R S 14 S 30 3l

1 HRfnFiE
1.1 EZRXFEMNE

2 W Ah whk 2R B BR (Porphyromonas gingivalis
Pg) (ATCC33277, 25 B2 e R 2 11 s = Be il 2B
SIS ) B ARFTE (Fusobacterium nucleatum , Fn)
(ATCC10953, 75 ZEZE B K2 s I B il 2B ) 5 5
F ) a8k (10 mm X 10 mm X 1.5 mm, 54 %%,
) ; RAF AR (MGC, H AR ) 5 033 H i (BHT)
Br R Qi i ) 5 AT 42l (08, D) 5 51
feifn2r 2 G, i) 44 R KL G, )
T 156 18 G 5,377 £ (LIVE/DEAD BacLight™ L7012,
Invitrogen , € [# ) . H & &5 F44 (IFA-32-8, ESCO,
B ) s AW AR (CB 800 V, Fh ik, 7R ) 3 Ji
T 1 BB (5500, Keysight , 7] ), 4 i £ 0] 2 {2
(DSA25, Kruss , 2[5 ) ; 373 & 5 49 4 #1458 (54800, H
S, HAS) 5 ORI R AR BB (FV3000, Olympus,
H A ; BigAR 1 (Infinite200 , Tecan , Fii 1) ; 380 J14Y
(HHL- 1000, Periowave, H [# ) ; B # HL (FT-200,
EMS, i + ) ; &k & B (IMPLG1/2T , Hu-Friedy ,
X H),

12 RAFA IR ) &

P4 2l Bk Ak A4 YR M 800 .1 200, 1 500.,2 000
3.000.5 000.7 000 H b 482 9% T 5 e 2= 6 e
11, {5 PSR JC7K 2B L 2% 88 /K MU 75 35 Uk
15 min, THHTES H .

1.3 WHRBAFRRESL

¥ Pg TN Fn 43 BRI F BHIREFE 3 (45 100 mL
iR 3 BHI 5.2 ¢, AR 4E2F 1fil 10 mL, S Ak i
1% 0.5 mL, 44 K K 100 pl) , 37 CIR A B 3%
48 h, ) FH Eb 3 SO e 4 B O %% BE A, £ LA B 2
107 CFU/mL. #7024 FLAR 43551

B 55 B I 1) Pg T VR A Fn TR TR AT B4 RE 356 1
(1 mL/AL) , & F 37 CIEIRFE IR A 57 48 he
14 342

W 24 FLAR R FE( F PBS 22 #hif bk 3 1K,
BEMLSY A 4 4, B2 BRI B 12 AR, b B A 2 LA
Oy AT A AL B A A Y R —
520 B T . DBKEIRLZH (titanium curette, TiC) :
ol PR RL TR SR K R AN R, S B R AR
R A AR (420 ~ 25 ¢) , fEH 60 s; @0
3J) 1141 (photodynamic , PTD ) : £K 5~ 2 11 {3 S G B
1.5 wL, 3k 515 IR 5 60 s; @ W AP 4 (sand-
blasting, SB) : fifi H perio £ 3X. , Ty 2% & /K 457 98 45 2
“Max”, i B 8K B 218 29 2 mm, {E ] 30 s
@XFHRZH (NC) : FRIAEATA] J95 4b 3
1.5 4kiXAE R AE
151 JRF ) Wi kR A AL R R R AT
& 3 AN I AT R B 0 S A ) ik
R 2 THDREURE B, A el A 13 S T a5, 285 SR R
¥IAE
1.5.2 %Ml ff e SO0 B 4 fk f AR AL B AR AT
e 3 A AR I A TR IR 45% 500 T, B
2wl LK TR L fRR e S TR, F
FH 2 il 7 0 £ S0 8 7K 3 - R 2 T ) 9 5 i
o BASARAE I3 AN S, 25 R E .
1.6 fa i £
1.6.1  F 4 B B UL 2535 Je (A Bk 36 THT T 350 R 440 1
MRS BAHABMEEEI NKERETLTE
24 LR, 2.5%)% VS W[5 2 4 h, PBS thse, B
2% (30% .50% . 70% .90% .95% . 100% ) i /K , B
ABRBET min, TR BEE )5 BT HM R WL,
1.6.2  {H/FCRE YL AP RS G R R
2k 3 RS 2 0 TE 24 LA, Z FEGUE B 40
T P ARG 3 ) 6 1 B A T sk RS 35 KR
A A 1 24 FLAR R EEGIE R 15 min J5 U2,
R Z0 B F 3ot I R 4 B AR T Fri o e Eg, (il
FH Tmage J 841 9 56 G B 4 K B 11, 3805 4
Mr 2505 415 Mean (5650 5 ) {1
1.7 W BN R

W S5 1.4 v 2275 A BRE A9 BR R A 2 mL
PBS H (i HIZ @ HLE % 5 min, N Jo/K 2 2
B PR U 7R ¥ Uk 15 min, 5 s K 5 A3 4H A
24 LA, FRIR RN Pe WA Fn W (1 mL/AL) ,
WS R 107 CFU/mL, & F 37 CHH AR v IR A8 57



b

RAREEemFhia 202370 H31%E HTH
+ 468 +  Journal of Prevention and Treatment for Stomatological Diseases, Jul. 2023, Vol.31 No.7 http://www.kqjbfz.com

48 h R & T 5 1.6 BEAT LI, 49 4 4l AT 1 3 4
e, A 3K
1.8 it oM

fd1 1 SPSS19.0 BT P EAT G i H 22 0 A L A
S AR AT A RS, SRR R Ty 25047 1L
AR H ] 3K £ 5%, 4 Levene’ s J7 22 55 LR 567,
J5 2 55 K H Bonferroni 47 P 43 BT FL B, 45
T AT, R H Tamhane” s T2 #4790 9 43 H7 b
B, R K HE A XU 2=0.05 6

2 & B
2.1 ARRAZ EF WIS @A TR Bk A
2683

J - 7 0 T B UL I 5 R s BRI R 2H 3R T
FIIR WY , RELRE 2 S 3 v T R D63l ) 4 B g
W (P <0.05) ,%F B2 650 Ty 4 R b 20 41 1) 2=
BTG L (P>0.05) (K1), H2 il £ 5
SRR 25 b B SR fil £ 1/ TR R 25
SAAGI#E L (P<0.05)(K2),

P=0018 The titanium specimens were divid-
ed into a no-treatment control group
(NC  group), photodynamic group
(PTD group), sandblasting machine
group (SB group) and titanium cu-
rette group (TiC group) according to
different decontamination methods.
Bar = 5 pm. a: NC group, smooth
surface of titanium specimens with

TiC G uniform scratches; b: PTD group, no

PTD SB

significant change was observed in the titanium surface after photodynamic decontamination treatment; ¢: SB group, no significant change

was observed in the titanium surface after erythritol sandblasting treatment; d: TiC group, titanium curette leaves deep scratches on titanium

surface after decontamination treatment (as arrow showed); e: roughness measurement results: Sq: the root mean square height

Figure 1  Surface roughness change of titanium surfaces observed under atomic force microscopy after different

decontamination treatments
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The titanium specimens were divided into a no-
treatment control group(NC group), photodynam-
ic group (PTD group), sandblasting machine
group (SB group) and titanium curette group
(TiC group) according to different decontamina-
tion methods. a: NC group; b: PTD group; c: SB
group; d: TiC group. Increased hydrophilicity of
titanium surface after decontamination treat-

ment. e: contact angle measurement results

Figure 2 Contact angle change observed by contact angle measuring instrument on titanium surface after different

decontamination treatment
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according to different decontamination methods. a:
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samples, as observed by scanning electron micros-
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The titanium specimens were divided in-
to a no - treatment control group (NC
group), photodynamic group (PTD group),
sandblasting machine group (SB group)
and titanium curette group (TiC group)
according to different decontamination
methods. a: readhesion morphology of Pg
and Fn on titanium samples observed by
scanning electron microscopy, bar = 10
pm, Pg clustered on the titanium surface
in the TiC group; b: readhesion of Pg
and Fn on the titanium surface was ob-
served by CLSM, bar = 100 pm, green:
live bacteria, red: dead bacteria. ¢ & d:
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(c) and Fn (d) on the titanium surface.
Pg: Porphyromonas gingivalis; Fn: Fuso-
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