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Effect of Surface Topography on Staphylococcus Epidermidis
Biofilm Formation by Different 3D Printing
Thickness of Biomaterials
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[Abstract] Objective To investigate the effect of surface topography on staphylococcus epidermidis biofilm
formation by different 3D printing Thickness of biomaterials. Methods Medical 3D printing raw material,
photosensitive resin MED610 was used as the material and samples were made according to 16 pm, 30 pm and
100 pm layer thicknesses using light—curing molding technology, respectively. Measure the sample surface
roughness contour arithmetic mean deviation Ra, contour maximum height Rz, static angular contact method to
detect sample hydrophobicity. The samples were co—cultured with Staphylococcus epidermidis standard strain
RP62A on an oscillator, and the material surface was removed at 2 h, 6 h, 12 h, 24 h and 30 h, respectively.

The number of bacterial communities per field of view was measured by laser confocal microscopy and the biofilm
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formation on the material surface was observed by scanning electron microscopy. Results The Ra and Rz values on
the surface of the 16—pm layer thickness fabricated biomaterial were smaller than those of the 30—pm layer thickness
and 60—um fabricated samples, and there was no significant difference in the hydrophobicity of the surface of the
fabricated materials with different layer thicknesses. When co—cultured with Staphylococcus epidermidis for 2 h and
6 h, a small amount of Staphylococcus epidermidis was scattered on the surface of the material in the 16 pm group
without bacterial aggregation, and the number of bacterial communities per unit field of view was significantly lower
than that in the 30 pm and 100 pm groups (P < 0.05). Biofilm formation could be observed on the material surface of
each group at 12 h, 24 h and 30 h of incubation and there was no significant difference in the number of bacterial
communities per unit field of view (P> 0.05). Conclusions Different precision fabrication has a large effect on the
surface roughness of 3D printing materials, but has no significant effect on hydrophobicity. The 16—um layer

thickness fabrication material is less favorable for Staphylococcus epidermidis adhesion in the early stage of infection

than the 30—pum and 100—pm layer thickness fabrication materials.

[ Key words] 3D Printing Technology; Biomaterials; Surface Topography; Staphylococcus Epidermidis;
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FELOEHR IF MED610 S EEA 4B, (] 3D 47
ER A O AL BB A, e B[R] 1) J2 )R A
WA LE P BRE A, LS PR AR AR I
R 2% B ) BR R AR AN R 10 19 AR DR I A

1 HREFE

1.1 EFEMBGRFT AL

SR AE R MED610, f#iFH Poly Jet machine
(Connex 500, Objet td)FTEIA X =5 mm, Y=5mm,
7 =10 mm BT, Z RO EE S B (16 pim,
30 pm, 100 um), £ H Stratasys INFVRIVE, &
60 fET &

Puregene Yeast/Bact Kit (Qiagen A H), FEH);
Live/Dead®Baclight™Bacterial Viability Kit (Invitrogen
AF], 3EE); MRC-1024ES BUBOEILR A B %
B . Blast# fF ( Bio-Rad 2t ®] , % H ) ;
XL30ESEM # 5 4 H1 8% ( Philips A &), faf 2% ) ;
Ram é —hart Model 400 $2 fil 0 52 AL (32 [F)

1.2 ER 3D TEN £ 94 1 R E A 5046

1.2.1 MEIEREAAEERN AR R RS
$ BRI AR HE (GB/T 3505-2009) . LA XZ Tfii Ay WLE%
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TEREHUNG R BCL H UL 350 T 3R Bz i %0 3K T8 Ak
RP62A, K M 1 75 1T 50008 SE ok B 8 3% Oy
1 x 10° CFU/mL. {ZHIVEZIE4H 534 16 pm., 30 pm
100 pm 41, AFLL5IMA SE 2 0.3 ml Fil LB £
FEH 3T mL 5ITEOM B, B THE 37 C. F il
50 ~ 60 r/min P& A LR 43 F 2h, 6h,
12h, 24 h, 30 h U ATRE, OGS AR B G0
SN )2 T 40 TR AE VR B DL S E IR B s
BRI A Ak 2R T A= ) B WA 10
131 BAARERMENEMHNREARE
BUAREMERERE % M Live/Dead®Baclight
TMBacterial Viability—Kit 156 B 45 B¢ il 175 /58 40 18 2%
JEY R . K 3D FTED A REFH 25 18 K vh Bk 3 Ik,
IATE BTG AR, T T 44 20 min.
PO 3L 3R AR BB WL 4% 2% 1 O O (514 nm/
488 nm). FRLLARE R BRI 5 A0 4% H A
PR 240 TR RV B
132 AFBENZEEEYERTSENE %
CHENR W £ B 2 22 v (pH7) A [] J2 5 il 4
AR RGE 3 U, BE THEMRBEEY G -,
CO, i B8, 2 7 S i [ 9 I SO b
e, BT AN R A YR I 454 .
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21 MAREIEREE Ra Rz EHNLE

16 pm 41 RL R M AL Ra, RzfH &/, &
30 pm 2. 100 pm H2ZF BHAGIHFEE L, 4N

P FL R 22 AR ST B L (P < 0.05), W& 1.
22 BESAERNERARERKESSR
16 pm. 30 pm. 100 pm 2, #2200 52808
TR FVH I A 2 ko A 25 SR 20, ALl R
TG 2FE L (P>0.05), W2,
23 HAHERERREUR
WOLIHRE B MWL R, B3k 2h, 6 hiT
16 wm ZH A4 R TH A7 00 Y 20 s A VR A,
T 30 pm 415 100 pm 4 (P< 0.05), K5 12 h,
24 h, 30 h B, 4% 2004 R} 3% 1T B4 0 T 40 O A v
BB g% (P>0.05), W33,
24 HWHEUR
PR RGO s R, LR 2 h, 6 hAT,
16 pm BB R T, AUFETE A 1) 36 Bz i % BRI Ak
FEA- A TAERLR T, T REINL I, T
WA IS . 30 pm. 100 pm ZH B4R T AT W
£ 1 FAEAREHEMBREREBEE ()
Tab.1 Surface roughness of materials of different

thickness (X =+ s)

20 51 RafH RZ(H
16 pm 0.12 £ 0.03 0.51+0.24
30 pm 0.19 £ 0.02 1.29 +£0.36
100 pm 0.33 £0.03 2.32+0.33
Giit i 92.978 41.241

PfE <0.001 <0.001

®2 AREERERMEBKERZIE(X£s)
Tab.2 Influence of different thickness on hydrophobicity

of materials (X £ s)

251 FRImIK Hm
16 pm 863+1.6 76.8+ 1.3
30 pm 84.5+0.9 783+1.6
100 pm 85.6+1.3 789+1.5
SN 2273 2.701
PlH 0.146 0.108

x3 FAEEFEMBRAANAFREIETREAREHE (X L)

Tab.3 Number of Staphylococcus epidermidis community per field of vision on the surface of the same thickness material

(x+s)
20 51 2h 6h 12h 24h 30h
16 pm 1.12+0.72 4.71+1.25 12.96 +1.95 18.62 £1.75 16.15+2.03
30 pm 4.51 +1.042 8.95 + 1.092 11.64 £ 1.56 19.39 +2.07 1538 +1.85
100 pm 6.82 +1.252 10.86 £ 0.76 13.77 £2.05 2044 +2.21 1571 £2.15
Giil i 38.965 44.891 1.676 1.016 0.180
PlH <0.001 <0.001 0.228 0.391 0.837
516 pm#Al HL#, 2P <0.05,
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Fig. 1 Scanning electron microscopy (SEM) images of biofilms formed by Staphylococcus epidermidis occure at different

thicknesses and different times. Scale bar represented (10 pm)
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