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(57) Abstract: A bone tissue engineering scaffold having gradually antibacterial and bone regeneration promoting functions, a manu-
facturing method for the scaffold, and applications thereof. The composition of the scaffold comprises: a hydroxyapatite porous scaffold,
adivalent metal ion-modified two-dimensional black phosphorus nanomaterial loaded on the surface of the hydroxyapatite porous scaf-
fold, and a degradable polymer coating layer. First, a three-dimensionally ordered hydroxyapatite scaffold is manufactured by means of
a 3D printing technique, then, a metal-ligand black phosphorous having a positive electric charge and great stability is manufactured by
utilizing a coordination effect of a bivalent metal ion and black phosphorous, the ligand-modified black phosphorous is blended with a
degradable polymer, the hydroxyapatite scaffold is immersed in the blend and then retrieved, when a solvent of the blend is evaporated,
the metal-ligand black phosphorus having near-infrared responsiveness is loaded on the surface of the scaffold, and a composite bone
implant capable of implementing photothermal bacterial control and heat-induced osteogenesis is produced.
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BRIRT 6 JEP, 1.0 W/em™ ST LLAMR ST TR R FHR IR A 58] 15°C L F.

SEHER 11
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T 10 JARI SD K BRAE AR LB AT 4, SE543 8 HA+Light. ZnL,-BPs@HA-PLGA
A ZnL,-BPs@HA-PLGA+Light 3 4. Jo¥% 3 5 9 IR WAL &8 o & BRI IE A
5x10°CFU/mML [{A 3 K f 1408k, SRR B B AN 2K SR BB . ZER NS 1)
1. 2. 3 KX HA+Light Al ZnL,-BPs @HA-PLGA+Light 41 & #£4T 808 nm KT £L 4SO I
B, BORTHEN 1.5 Wiem™, [EETEHEN 10 240, BottIiS KRB HEE N 15 cm,
ZnL,-BPs@HA-PLGA+Light ZH {38 HEE A 50+0.5°C .

RN G ISR 14 RXFER 7 KRBT 22 SR P8, FIAEALIC SR S AN, I AR TR G 1 o, 15

B 11 s A . B 11 774, HA+Light 20 AN 3807 R A7 A2 K BRI, X 1B
HA+Light HA7EM NG R A THEEY; B Znl,-BPs@HA-PLGA MBS EH
HA+Light 275, (HHAENFALPT ARG MBI, 369 ZnL,-BPs@HA-PLGA 1 ER
ARERRMEE TR, HIFA LR A P 16w 08 & 2RE . e
ZnL,-BPs@HA-PLGA+Light A ¥5A KM, Uil EHITZL4M RS ZnL,-BPs@HA-PLGA It}
FEA I R R AT B R A T R RO ARG AN, A B R AP IS AR

SEHER 12

W SLHEZE] 11 A LR SN FRO B, AR BOE T S A .
& 12 7R, ZnL,-BPs@HA-PLGA+Light X3 | 98.5%, i W] 7] LU i AEAR SRR 2040y
%, 1% ZnL,-BPs@HA-PLGA fEE N INHLTE AT, OB REF I ACR -

SEHER 13

FESE %) 11 TP HA+Light A1 ZnL,-BPs@HA-PLGA+Light A5\ F K KRB JGHIET 6
i, FJE AR HA+Light 134 ZnL,-BPs@HA-PLGA+Light {1k 5 HI A% 34T 808 nm fIiE
LEANBOC RS, o LR 2 BUARIE A HA (+0)F1 ZnLy-BPs@HA-PLGA (+4), BEIIE N 1.0
Wiem?, BEHM AN 6 48, MO HES KRBEEFMESN 15 cm, &K
ZnL,-BPs@HA-PLGA (++) AN BB A ) B Sl [ 0 4020.5°C o B Gond &5 J I 40 A TG
ZnL,-BPs@HA-PLGA+Light # /#5104 ZnL,-BPs @HA-PLGA (+-).

FERNIGIIEE 10 i, RS RBHT A, KEBH#ET micro-CT HH#, HfER
M HE LR 13 Pk =48 . AWK 13 7151, HA (+H A AT R B A 5
b, X Je R IH AR I e R e 1 SR E T s AERTIH D2 bR an B G R A b,
ZnLy-BPs@HA-PLGA (++) Mtz B AL Znl,-BPs@HA-PLGA (+- )% £, X Ut B 7E 1 #AFI A

I LLAME B RCR G, 5 B AR GG 204 77 242 7t ZnL,-BPs@HA-PLGA {E{E A
D=V E S

10



WO 2021/189192 PCT/CN2020/080673

SEHER] 14

] CTAn B AEXF SRR 13 S micro-CT =4k H 34T 4, BRI 14 Bk
s BV/TV)E. Hrh, FUAHERYE, HA 040 BV/TV R4 31.49%; {631 R 40T 1%
BeJ, ZnLy-BPs@HA-PLGA (+-)If BV/TV iE 2| [ 45.26%; (ETHFRMBIRGL G, F5ah LRttt
AR EHIT LI AN, Znly-BPs@HA-PLGA (+0)41f BV/TV NI E £ 57.72%

B JE RLUL I, DL S st A AU AR B BOR T 28, e R, g S
R S 1 A R I BEAT T TR U B, A U AR R R A FLAE AR
AERRRE I 2 8 BT AR AT AT o S5 R B R dE 55, Y R B 70 A R I AR B 2 1A

11
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o f E Ok B

1. — P RGZ DI E AR B AT RE R B H A TR, HAHEE T, AR K
VEEZ i U2 Ry Y CE 2 I o 1 TR 1 I g = =0 o 6 R R 28 723 7P7 S/ 5 S D
AT REE.

2. ARFEBCRIZR 1 PR R AT B D BT ARt B AR DR i A 2 AR, HARrIEAE
T, Ak A &R R 48 Zn BF. Ca BT

Bk m] B fift =1 1 B R AR R AR - R Z AL R Y PLGA. ALK PLA. R T4 .

ROWBERAMET BT .

3. MBCRIEER 181 2 Bk HAT B b AR ki 1A D BB (i 20 23 DA S B il % 7
2, JUREE T, AT PR

DR HIE-S 2880 Y el o

2) & EE 5 BRI AR A b4 4 JE me i R

3) W< R AR SR ] R AL IR

4) PRI A ST IR N IR S B T

4. MRAEBURIER 3 Frdpsl s 57, HAEHMEET, B3 1 hArnd &R KA S5l
FITIERN: NG FRHER KON AN B EERR A KIE R, RIS, REHEN 3D 4TE
BURII =, 2N He J5 55 A3 B FR R B A SRR A

FIEE RN SRR RIS TS, BB S e 4

PRI SE B R oKTEYE 3l )G, RIS =400 7 I 2 K Ch 338

5. MRIEBCRER 4 Bk sl 7%, HAMELE T, Bk i s i e K sl i & 2 2808
2%~3%, PR FEEBE KA R SRR AR IR BTSN 0.8: 1~1.2: 1, Frakidtm )y
6~12 /N, A B A A 80~300kPa, FTikHf i ZA 1~1.5cm/s;

Frid e 5 %N 1100~1300°C, TR Hegs5nt (a8 6~10 /N

6 MRHUEBURIER 3 Frid bl &k, HAFEE T, BB 2 FArd &Rk B H %
i K BB ECT N-F R G R S K PR A A, RSN A &R S I, TR
FARPT, HRESLHRE, BEFKEREOE, SRR ALK, ARl S

e T A BT o
7. REEBFIER 6 FrikiHl &k, HEMEAET, FridiB &R PKE N-FIEREE b
FRAMARFILE A 1: 9~1: 1, ARSI & B s FEAM BRI E/RILA 1: 1~1: 30, Frid

S G R Dy 3~12 /N, KB Ok B 3~5 K

Pk i & m AT AR ORI . RULEE. AHEREE. WRIEREE. AHIRES. WAL
12
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0 T B RS

8. MRIEBURIZR 3 Frid bl &0k, BT, S8, 3D Hikh: BB s s+
BT E R B S SR e PR BT B AT, SR B T oK LB A R
SJRACAA RRBE D OB, AR E45 <5 R G A4 SR BE 2 HOBOIN N B mT B & o 80, B S A UE
1531 4 J oo s AT 15 v o IR VR VA

AR 4 BAER: BPER D HRNRER KA SRR AR 3) 4Rk RS R
ff ISR ISR, SRS TCEAEVKFE R — B ), AR IR AT TR, &AEE
R E 4 Ja AR SR 5 ] B o 7 F IR I R AR i 2 2R RS R

O, MRHUEBRIER 8 Frd il & 75k, HAFEET, B8 3D b prd ] B o o+ i)
WEEDY 20~100 mg/mL, <5JRECAK BB HUBATIRAL Y 1~10mg/mL, 7] BEAR = 0TS <&
JERCA BB BOR AR N AR 1~3mL: 0.05~0.3mL, #EHIhEN 100~500W,
I IA) 9 10~60 238t ik T et s 7 R AL IR - i LR IL R Y. AR RO,
ROWERAERT T ;s

AR 40 T ETRENI A 0.5~3 43080, SCREUH GICEAE 4'CUkFET 1~3 K, K=l
HA T 6~18 /I, B2 THEUEA 1x10%~2x10" Pa.

10 BUFIEER 1 ik BAT BB B A (R o i B AR D R 1 B L 43 DR B E s BHEN IR
RIARLBLH o
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