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JZ. Biltn, X HA. Ag $EM A2 Bk 45 2] Ag/CaP 1
LEBRE, Y AgSERN42% JRTFHE0 B, BE
PUR AR S, BRI M B Rr g i ™. it s
LR R FIUURR TS50 UL R i Z e, A
HRAFR RGN, BARMEE, KRS, TR
AR A, AT LN T Tl A A 7= 04, R0, Al e
AR E 5 AR GE & SR ZE i . 5 IX — 1%
B, AT DA SRR AT TS, TEBRE T 24, Bk
HAEIAR R B & P E 2, WA IR E N 7T, Lenis 2517
i B WL Pk BT E HA-Ag £ 2 %R o &
SiOy/TiN/Ti HHJZ, BEIMRENULGE S HR, @&
s WS E SN RN Ve

(2) BRI

BT A Bh TR — R R B 7 RO B AT
HIERAKIEENHEAR, E4E6 THFIEANYES
FRUTRR A4 AU, 3 i o A% B 1 i e R U RR T R AR AL
WIERIVERETT, il % B A T v B0 R ARG B 2
EEEMERIE, B R, KRRy Z M.
Zhao Z£USiE 1 IBAD #1]% TiN/Ag £ B8R, WIRE
BRI 1 B R 7.5 nm B, B T i e LA R B A A
A TR
(3) ZyNE 5%

2 90 T 9O B K B R 2R R, UL
FABIBA RS 115 BI9K R 2 10 77, B DUBLE S 4k,
P sl U, RUEd MBS TR R, Bl
FI B 25 S HOR B F TR . Pz
MAIP BT 10 K % TIN/Ag £ 2R, 1351
ZZREHA SR SRR E T GE: Bai %P8
It MAIP il % 1] TiSiN/Cu £ J2 45 MR Z Ry 5], A
NEARRERPHE R, HEEHBA I Zhao
PR R R, 4 TIN/Ag 2 2% 2 T2 4 TiN-Ag
SEWRIZEN, PUATERETEAE, T LU BSR40 R
RS, (EREANMRiE . (B, MAIP B 4& KA &5,
K S E A KA ERNEZ,

(4) BRHEBEHA

B AR T B A B W B R A
AR ARGV B IR, 22456 T gk
ZIZHER, Hflg T MR, 5T,
RO KM PUR R T 546 095 #5828
MM ELRT, RERFEPHES . W FHHEAht
WRZM S, APEPUER. TUEIK. SBEAKR 75
SRRV T ERA S BRI R, & 2PRERD.
Escobar 25 id LBL ¥ GS 5REME (PAA) #l
HINZZPAR)Z, X1 GS 13U 5 N EIER
T, ) 4 LR AT ER B A3 HE . Coquery ZEPOTx 4R
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FeRAT LBL RSk, & i/ e R 2
JRRIZE, RO LER IR TR = S U IR B8 T P e

AR & TERKRZ REMPURIRZWER 1
A, e, ENPTERE EEEE MS # %, RER
Mooy, R E L APPURRZ L2l LBL
g, HREVERY, BRAERR, EHT K2 HAHHL
Y. 18 AN R 2% 05 A5 IR R A L B2, 3
PR PERE A T AE . L35 5 BAFE J5 I L8R A
WA (1) 4% 7T AR S A 9K 2 RS
WIZ M TEREAN R ETE, D9l AR N SRR ORI

4 PRZREWRENRENF

(D LHILEREZE

BAPURERER &8 B AE NPK Z B MIRE T
IRy, AR HRIAESE . Ho, YRR AATE 2 M
PUpsnl, B RN H T EEAMERIRE, Ag R
EHLE T LA LR LA T (D iRJE T s
1 Ag 5 fFL I H B R ARG &, 850 T 2401 1 4R
(2) Ag P LLBIESHMIEE, SURAN MM riEiE T, 415
2 B P S PR 45 A 52 BN AT A, B o g R K B
FEBT (3 BT 4 B DT TR R G, AN R
(4) 53R MKPERE RN, A RCE BRI A
(ROS) , WEIRGNE DNA £k, #EEIRH7EHE,
LIRY, PHERET A HIKERET 1 mg/L R,
AT AR/ 4 B SR, S A VIR T B o 8 R A 7 A 1
A7 1F PR Cu® AT LR 5| 8 T 5 57 LT (9 40 1, 1 2 Cu™*
5 G T 24 P B O A A ELAE S R T 4 T 2 i 1) e
M, HEANEDRE, SRAELTPY. thah, gk
i 9, W] DAIE S A8 R S R P AR RO, BBV 4H T 24 i
. BEAM. BRI DNA, MRS 5D,
Fukumura 251 Cu/SnO 9K £ EZ4MEE, #il
(1] Cu 7E6MHAL T 2E i ROS B EIFTHEH, {2 Cu &
RS — G E N, DER Cu BERAMUEIT 3R
KR, AT LAGE 20 B AR VA A, AE BRI A
PN, (Rt E g A S AR XS SN g K
i 22 = S5 R TR R 2 ) S SR AL TR R

EEBAN BT IRE S, W ILIHE 9K E
BRI R Z YK AP R E . WA EEAN
AL R 72 42 ROS, B3R 41 B 41 i S, 72 26 1 H,0,
AT DAA 40 B AR AN RS By, R0 4 B A R R
%, B RIFMPTREERPY, JERE, gk Ak
52 [k 5 45 45 J5 vT SR B H B B 0 2R A e A2 1T
WHME AR Z ZEWIRE, AT 0% 45 a0
%) BR R AR AT B ) S L
() AHIHEERE

BGOSR A LY T AT ) & Bk 2 2 450
PLHIRE, W PUAEREKRE. TREREMPURIK
WESE . PUAERISIRE AT DL I o5 4 B4 240 e L )
BV N AR, SRMBEEET . Fln, CS i@kt
TG JT S ME L5, 1 CaCOs G K URL ¥ 4 Bh T
P 7RI R A M A, KT CS AR T
], IR YR, SR T

70 TN A — b A A 25 T R A T AT AR i ) 2 B
. 5HALZEERY AR Z, ERMESCR R
WEE, CS T A Ik Har , 1A 75 mT DA B A 4 5
Norf CS FIRLZE BB N, 5285 DNA Bi RNA
ghEA, A0 A KA KT CS AT LAYESN
PR R THT T 1 - VR, L L8 7 40 I 30 N 40 A 4
40 A B EH AW SE 1) Tao 260U TNT
FEdEEHEE ARG FEER - BKKEER
(ADA-Gen) 1 CS WZEiRIE. EHAVIH, KK
B T Gen MIMILARER, #SHNE R M PURAEH,
FBS, TNT HHE T HESKAEEA-2 (BMP-2) ,
AT DASIOR B B R ) R A R R A A K, N
Pr [ e S AR T — AN AT T

PUB KBTS E A 3 M (D KEPIHIL
W B E AN B T, RS O, 5 B T A
AT ASE M, (2) BUEE LT DL 40 T 4 i
BE [ G BRE RR 20 45, A0 ) 200 B P A B, T 2 N
PRI PN 955 55 30 A 4 R R 1, T 4 A i %
(3) LB K AT LA B B B T L 0 S g i, e st
TR RN, BHEFEER"Y. ik, EaEA

£1 TEHETENMKS BENAERR

Tablel Nanometer multilayer structural antibacterial coating with different preparation methods

Method Coating composition Antibacterial composition Antibacterial ability Year Ref.
MS Ag/CaP Ag S. aureus and P. acruginosa 2019 [73]
MS HA-Ag/Si0,/TiN/Ti Ag S. aureus 2020 [75]

IBAD TiN/Ag Ag E. coli 2009 [77]

MAIP TiN/Ag Ag S. aureus 2018 [34]

MAIP TiSiN/Cu Cu E. coli 2019 [50]

MAIP TiN/Ag Ag E. coli 2019 [80]
LBL PLL/PAA-Gentamicin Gentamicin S. aureus 2019 [85]
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kL IR TZ 25

XFRZBUORK Z RIRIZ TS, I8 61 50 L 8 il
tErTr e xR Z M PiE e NEBRAEE, =R
ZE KA 2 TR R ) 399 K% A ) b R A e 2 X0 T 1 S
M. TSRS, TRz
W, Xa 9T BRI AR, R
[F) A S S A R AT AE 2 0L b R i i 2 A P e
B, ASEIAA R R i) A 399 K% O ) BT 5T 1 28 E 1R 52
WART TR, BIETEN 53 i AN 2 LU ML S R
ARRAT AAE IR — 5 Tl e T 5 2 Wt 7t

MR R R, BEHRVER R 2 8 T2 AT 5
WRRE, ENEA R AV BN BT PERE,
HA W R TR 7. ARk, w7 L Ak il % T2,
KM R 5 H AR T B s KINAR AR RS 5, DA
S E AR R IR Z YRR . X T8 AR
i PR N2 1) 22 A PE A B ORI 55, /5 2L T 58
RAMWETL, CLHESIOK 2 )2 S5 M TR R = (KA RS

6 ZERIE

TR IR T I E TR R S EUR A A R
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P, AR R AT FR R BEEETRARKARE, A
117 B2 A RN PR RE R 2% B0 AR R % K LA BE
A RARTUAH RGO VERE R 47 AT 6 bk g LA S i
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T SRR EORE - BURAA PR S . B,
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i W] BEAEAE AR FR M KK R, SR 9K 2 R 45
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AR, XK 2 R 45K i E MR T a2 S
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PERE T I Pk E DL R Pk RE S5 22 Al R T 6 i 4
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Research Progress of Nano-multi-structured Antibacterial
Coatings for Bone Implants

Zhang Pudan', Ma Xun', Liu Ping', Wang Jingjing', Zhang Hao®, Li Wei'
(1. School of Materials and Chemistry, University of Shanghai for Science and Technology, Shanghai 200093, China)
(2. Orthopedic Trauma, Changhai Hospital of Shanghai, Shanghai 200433, China)

Abstract: The surface of bone implants loaded with nano-multi-structured antibacterial coatings can effectively enhance the antibacterial
rate of materials and prevent the bacterial resistance associated with antibiotic use. Compared with single-layer coatings,
nano-multi-structured antibacterial coatings simultaneously provide various properties required for bone implants, promoting the
proliferation and differentiation of bone cells while effectively reducing adverse reactions caused by cytotoxicity. Therefore, they are
currently the focal point in research on surface coatings for bone implants. This article reviewed the research progress of
nano-multi-structured antibacterial coatings, including their performance, fabrication methods, and antibacterial mechanisms, and
discussed the future development directions of nano-multi-structured antibacterial coatings, which held promise in addressing bacterial
infections and bone integration.
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