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Abstract: Mesoporous bioglass (MBG) scaffolds exhibit enhanced bone-forming bioactivity,
degradation and local drug delivery properties due to their high specific surface area and mesoporous
structure. Scaffolds act as the temporary template for cell proliferation and extracellular matrix
deposition, which facilitates consequent bone in-growth until the bone defects are restored. However,
pure MBG scaffolds show low mechanical strength and great brittleness. To overcome these
drawbacks, the combination of MBG with biopolymers or other bioceramics to form composite
scaffolds is an interesting and efficient strategy. Herein, we introduced the background for the use of
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MBG composite scaffolds, summarized the fabrication strategies for MBG composite scaffolds and
highlighted the application of MBG composite scaffolds in bone tissue engineering including bone
regeneration and therapy. We could observe that the strategy of combining MBG with other materials
to fabricate novel composite scaffolds is a promising way for bone repair. Finally, the challenges and
prospects of MBG composite scaffolds are discussed.
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TR, VIS (Bioglass, BG) PAFLINRG (I AEMFARNME . AR EiEtE. BESE
55 SR S B A S ME B A2 B M. B FEARIE N BG 42 Larry Hench #4%1E 1969 £ %
B2, HCZH R 45 wi% SiOs. 24.5 wi% CaO. 24.5 wt% Na,O 1 6 wt% P,0s. BG 54 1T
LR A 25y ARALL, 7R AR FEIR I Re IR 5 3 B KA T O 5 B IR & B A = A AR R I 45 s
Tt A %P BG & — M EA EL S F S EIIREMAEYE MR, R FTE YRSk
Fh R P A i v 1 — SRR, X S (PR BE A BG BN B L SUE (AR R

541 BG MHEL, NFLAEYHEE (Mesoporous Bioglass, MBG) H. A 5 & i) LU & HIA I FLBR %,
HrAAm 7 fLAEFE 2 nm 2 50 nm [ FLFLIE, iX§153 MBG 7E BB R 4808 BA 1 5 &8 R AL 254
BRI TT. A, MBG B ALE MR T 7 HAPEm R Re o iR s AR . I, MBG #)
R TEHSEE 55570

BT RKBE AU IE E R, =482 7L 3 48 LU I8 Ry K sl ik 8 B 3. RN EAR ) =4k
SR B MR A R FLIN R Z5 K, AR T AT Re . B Rk B K L g KNS, jhap,
XA RGN SCHEY), 77 2R BINUGR BE SR A S B g M . A BHFLRE | LR 2 BR i
RAN P123 RITE A NI S G R FS B T 24 M =482 fL MBG 248 B A (R St 4 ok
B HETEAN A RE /T, T H MBG SCEE RN 2982 RAT N, 3R MBG SCZE R Rl IS AL 254
3K 1 HLUE E N A

SRT, MBG AL HIMUNOREEAR . Bt R, 0 ELAE o VA AR T 23 51 S S 48 = 8 pHL BT+ B
M H R E A1, T SE AR S R A, Y2 F AR MBG 54 T EUE IR G E A&
MBG 437 22 LU s MU 2 3 H3R 8822 1 pH PRl 40, Yun 258 APBR A Pus s R
il 7 MBG/PCL HA X4, MBG 5 PCL [RGB &R 2L RN RE 1. 152 RE LA S AR A AR
. Du 2 AR A 3D TENHAR & T MBG/LZEEAE S XS, %X 4EH MBG/PCL 242 A
HEEMTUEMRE (20 MPa) ARE &1

FH AT L, MBG 54951 55 B AE P e & S D Re Ve AR I R 46 6 i 28 B 6 SCRAUR T30 28 R
UF B AE DTS RN R 2 ik ThRE, 1 BB 20 MBG SCEENUBGE BEAG . it K. oA Es pH {H &
SEER A RIS . Rk, MBG 8B &SCRTE B AL VE E AU R R A 08 ET 5

ASCRE A8 LA ) MBG 26 S48 %0715, Hilt— P R G 845 MBG EA > EEE Y
ZUE ST AR N

1MBG EAXENEER &k

= LIE A MR B H R TR SR B ARG, FLBR . FLERR . SRR AR FLIEE I R4S
LA SHTFALUEE AAEERmY, Wik, XM TR EREE. FHE, ek
G345 7 ST T MBG B4 SC A0, A IR AR RN, I Be R
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OLE TSI T MBG 5 & 340 4 I FLELA SCHRE T 1R % MBG 5E00R 9 T SRR £ 1
MBG 445342020,

1.1 BRI TRLR ok

A BERE RL 195 3% (Solvent Casting/Particulate Leaching, SCPL) #& H Mikos £ A1 1999
SR HIR,  RIR) AT M UK SO FLR T SR %% 2 AL . RS, e TR T A
U (g f7) H, B K o LB &R AR A FLAIN N AR i 4 I R e T RS ST IR &4
SR TG R A PR B e il 2 R A B L BRI R, B B R YL E /K B A 5 751 B i
FLAITIE I 2 AL 2P 4T SCPL J7ik, LML K/ FLIR SR AR B B i FL AR K/
FESE s, HALB SR RIALAZ M B BT R T, & MEARR T Y (Bl T R A L
I, FEHI SRR o DL BB B AR A, IR T 2T VE R .

SCPL J5ifdtifdi o, 3&HF MBG E A4 4. Bitn, Li % APYLL NaCl Bk i 41770,
KH SCPL 7% T MBG/PCL H &34, HALMRAEILF|Z) 89%, FLI2AT 70 um ~ 350 pm. Su
2 NPOUR AR [0 75 74 MBG 15 BBl 2 & il % tH MBG/EBEIE (m-BPC) H A& X4, LR E
/R, m-BPC & A SO 4L B A @A RFLEA R, FLAER/INA 400 pm ~ 500 pum, FLBRZRZ1N 76%:
NN ERE B AL 4 R 12 AR, m-BPC & & 302 Sai KRBk 2EAHLTE, B A AR B 1
Kk, SCPL J7i%fil# MBG & SCZTEB A 4UE AU B A K 4 19 3 FH Al 5.

1.2 SiR% 8%

AR IR ) 46 = 4k 2 FLS 28 I ik — . BIE A AL (Super-Critical CO,, scCO,)
BA T Q5 Ral i, BRI 5, RO SRR 12 B BT Sk R o2 R scCO,
XAV RHAT IS AN AR B, SR 8 R B T e AR O SRR E M, ARSI R A IR S
M, MR E LR AW, BB EE 28 T R ALIE 45 5 S ALPY . Ak it idm] LUt 15
SN B W TR P RO TR 7 SRV e b, M 2 S 248 rp AL AR K NRE @ P SRR
R SO AR FLBR R AR s, AR AR 90%; FALIE A FEE PR LE, & E T A0S =R
ik HAE, SMRIEIER RS AR 0 A AL FE R B A AN E A R s AR ) o IR A,
BTSRRI, 15 21 SR AL TE UK

Figure 1 SEM images of (a) PLAG scaffolds and (b) MBG-PLGA composite scaffolds fabricated
by gas foaming method *”
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MR, SRR MER T LT MBG B & 28 0H1 %, Fltn, Li 2 NPOSRAA AR kS
% 7 MBG 53LEMEAR-FZIL LR [Poly(lactic-co-glycolic Acid, PLGA] &4 H T2 EH&
A RN LA AR (RIT 7T o 76 R ML FERT, % MBG 51 A\ PLGA R AW H 135 MBG-PLGA & &AW
BJ5, 5l scCO, X MBG-PLGA S &R TII AL, 4382 A 3 N B 3  ZAFa e i
FFIFEAESAL, SRR IR, HAMRIEES S MBG-PLGA H& 25 PLGA £
R =4 KL (B 1), (HIEL 2258 PLGA W ar (K 2). tb4h, BT MBG HIsd
YIETE S E LR T, MBG-PLGA 86 348 AR B A G IR BRI R, AR T4 SR M i g
71 (Kl 3).

& scCOy 7k, HIT HyO, AT LA SR SR RMREL, 15 HaO, th AT DUE A SR KT FH T
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Figure 2 (a) Compressive strength and (b) compressive modulus of the PLAG scaffolds and
MBG-PLGA composite scaffolds >
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Figure 3 Expression levels of osteogenic genes including ALP, OCN, BMP-2 and Osterix in rBMSCs
treated with different scaffold extracts "’
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SRR MBG E A4, B, Navarro 22 APHEHNK MBG S5 ARFER H0, BWRIRA T
IR, 28 60°C AbEE 2.5 h J5THE. BRESRRIZ LS. SRR, SORMIFLBR IR T H0, 1N
N, T HSCBRMALERE . FUAR RN H A I AR R Ho0, G0 5 m .

SRR IA S A S P B R TR, AR G SO AR, JCIAE SO & R
il E AN T RSO T EA S . I, A AIE R MBG B & S £ TE L —

1.3 2R TFIEE

CATARRY, AR TSR EAGR, X ERE R b S ERME, &
AR AT DA AR, AR T T DL A A R IEL R . AR IR, TR AW L%
SRR S I B AL TS LR KNP, — ki, REE RS BEEMALERS, Wk
ARGV EERURGRE , WL ARt AR TR LA TR A e e 7 i, A
SIS RS, RN & AR 0 BT G FE 4 ) 4615 2 1S 200 5 KRR IR IR (U 4ok 2
FLEEHE o VO URTIRIE R T2 N T B B 21 3R 5 P ) 22 FLSCEE M BHI i 6

% 1 4 CHT X %5 Ga-MBG/CHT 3 % #9 7LF% 2 b 5%
Table 1 Porosity of the Composite Scaffolds

Sample Porosity
pure CHT 91.4% + 8.6%
10% Ga-MBG/CHT 88.6% £ 3.7%
30% Ga-MBG/CHT 84.3% +5.4%
50% Ga-MBG/CHT 79.2% £+ 3.3%

Pourshahrestani 25 \ PSR AR T4 4% T4 Ga,05 i MBG/52 %8 (Ga-MBG/CHT) E & 32

2, I AFEREE ) Ga-MBG/CHT VR &AM IR RSB A —20°C FR5E N EL; ek
L) Ga-MBG/CHT fE£ —50°C 358 M@ R THRE R 153] Ga-MBG/CHT E &3 4. iR B/R, W&
Ga-MBG & &= 131, Ga-MBG/CHT & & 3 22 FIFLBRZ FE MK, Ga-MBG & &4 50% [ Ga-MBG/CHT

BESCHILR R LN 79.2% (K 1). A—J70H,

2000, f M 4 7741, Ga-MBG/CHT E & % 321k it
et B & Ga-MBG & & [ 39 iy FEAK, (A
Ga-MBG &4 50% (1) Ga-MBG/CHT E &
BRI IR £ 2% v (Phosphate Buffer Solution,
PBS) MWt alik 800% LA b, iX—45FEH
Ga-MBG/CHT & & SR n] 20 i) S5 AL 7%
AL MRS (B 5). Wu 25 AP
THEH % T MBG/4EKEH (MBG/Sik) &

12004

8004

400+

PBS absorption ratio / %

>
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s
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S
*

F & & & & B, HILMEBT 76%, JURREAE

¢ F & F HE 2519 420 kPa A1 0.70 MPa. FEI,
NEEFOE MBG ELA 075 A WS AR S 4 5 S, {8
B 4 4 CHT 3; éss f&(;?gg]c}/cm & 3: 3 MBG/Silk & A S8R R 1 s i 1 -
Figure 4 PBS absorption ratio of pure CHT, RILEE, Vo PR TR T AE AN S LAV B R
10% Ga-MBG/CHT, 30% Ga-MBG/CHT, il 8 MBG B & 328, 768 H LUz 5 o A AL A

[35] e
50% Ga-MBG/CHT BT S BB
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BS54 TR X EAEERHA4d W HDF HHENEEN (R6). EM (Le) 54615k 8 A
Figure5 Fluorescence micrographs of live (green), dead (red), and merged images of HDF cells treated with
CHT, 10%Ga-MBG/CHT, 30%Ga-MBG/CHT, 50%Ga-MBG/CHT and CXR after4daysofculture

1.4 FREBZHZE3E

FFRGT 2 AR Bl . k. A S HS TR SR BARIT 2 —, AT LASEE
AR EASLRR R SR I AN DA — TR, R i) DARR A R 08 AL 13, 4 RS B A 2H 27
R A E AR (Y R A A 0,

LT 22305 R F i R s BT I SR A DR R N R A A e, RIS E H I E T8 A
WEERE Z AR, HA S TE R GWIMIRRINAS, HAEE IR TE RS #HE (Taylor Cone); — HiZR %
E A IR 7 R E AR IR 5K T, ZREEE S A — IR R SIS, I R g A 25
TER A BRGNS A P AR, REWIE R RIERZE R, REEWERREIERES
AT, B X R AT AR R BT 2 2 FLA RS . AP LETR AN B AR U AT DL a4
ISR E AR, M S HE S MEEE . BA YR VAR S Bt S 57 Rt
i, FEE g 22k o] CLE S B Sk SR BIA RITESR I B GV A 4E, 18 BT 2 M R R B A 5

HE, BHIS2ZEE TRV, 2 MBG 1] DME NG A REH RN 2R &Y
SRR B MBG/ B &Y E & 248 . Kang 25 N R 4l e 95 223610 % 7 LR & B
(Polycaprolactone, PCL) A7t /=M MBG/ZR AN 4 )% (Polyethylene Oxide, PEO) J:t5 2 B —FE 4 4
451 PCL/PEO/MBG B & (48 . MBG & &GN M 7 KA AMENE, 1 MBG g0K 0N 2 i
T A K7 (FGF18) BTS2 #E 4N 85t 5 704k . El-Figi S AR08 T SR 47 42 15541
%M MBG/PCL/BIRE A I8 XA B AR IS — A 4R, Bi%E MBG S&E1)
Hahn, SCERSEAKMECL S AR E R . [FIRE, @SN MBG, SCERRIWLRE I B s .

1.5 3D #TERFAR

TR GL 2 FLSC AR 35 TR HAL R, BT IR A LA DA 42 ) 22 FL SR FLER R L ALAR KD
Fe B . JTAER, 3D FT EIHOR R JB Ay v ] 4 2 AL S AR T A B A i
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% 6 (a) MBG/PCL. (b) 5Fe;0,/MBG/PCL. (c) 10Fe;04/MBG/PCL LA X (d) 15Fe;04/MBG/PCL
X H) SEM HE 14
Figure 6 SEM images for the (a) MBG/PCL, (b) 5Fe;04/MBG/PCL, (c¢) 10Fe;04/MBG/PCL and
(d) 15Fe;0,/MBG/PCL scaffolds **

3D FTER 2 LS B v ARYE AR BT HUF M 4 RS I 4, B AT DA Bh it S LA B v H/ S L B
#lli& (Computer Aided Design / Computer Aided Manufacturing, CAD/CAM) Fi AR iHH ALK ZE F74
(Computed Tomography, CT) BREiIHHRMAE (Magnetic Resonance Imaging, MRI) ™y 4 #4741k
. Bah, REREMEAY, LWk E™Iel K& e U UH T 3D $TED.

HAf, EPHEROEEESE (Selective Laser Sintering, SLS). /& @iJTAR (Fused Deposition Modeling,
FDM). EFMFCIARL (Selective Laser Melting, SLM). E.#252/KFTEl (Direct Ink Writing, DIW) %5
Z i 3D FTEN VL OB TR AU TRE S e i 4. Horb DIW 2% MBG 2 & 8 R A i)
Jik, LA MBG/AEY S5 1 MBG/AEMIF %52 6 545 . DIW A LK AR ) S8 7K BTG b 455 H
AR RS 2R 28K, DRV P A 45 SR vty 26 S R ) 7010 R DA e B 4 okl B2 (1 2B 4 520K o kA, DIW
TIEAEGE R AR 37K 28 SCIRI AN 2 P2 AR AR 7, XA R TR EF A K AR E . T Bh
CAD/CAM £ A, 3D TENHl & M AL A FEM . — LR RFLIE S S oh, TENREFE AT 7E AR
WK S NGB 5, FEAR DA SR 25 B 13 U7 T A T R 5

Zhang %5 NYSIF F 3D 4TERFAHI % T % Fes04 I MBG/PCL (Fe;04/MBG/PCL) W15 43048,
I R FeyO4 & 0] LIS E A S IR RIS . 45 R BN, Fe;O/MBG/PCL &4 LM KFLAL
149 400 pm (& 6), FLBRFZ1R 60%, ik L] 13 MPa ~ 16 MPa. 1 #EE ¥ /2, Fe;04/MBG/PCL
FE R AL T ARG B e (B 7). 2P reidisae /) (B 8) LLABTEMIREAIATT TRk
(8 9). Zhao 25 N™ILL PV A A HURIALRE 4771, 3D 4T ENHI 4% T S5 2% MBG & & 3 22(Sr-MBG/PVA ).,
R EAY 400 pm RFLILAE, 29 70%AIFLERZE LUK 8.67+1.74MPa [RIHT KGR, i A4 i H 15
B 1R BR . SR SRIR R, St-MBG/PVA 4 S 28wl DL ] i sl 38 A i 4 i A i o



- 380 - HTE % MAYHER X R RARHEB AN %41 %
0.8 70
—— MBG/PCL u .
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o | |=—15Fes04MBGIPCL < 5. :
o @
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® @ 404 -
i 3 401 =
5 2 30-
2 T - —s—MBG/PCL
< 2 20- —=—5Fe304MBG/PCL
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! v ; 107 —e—15Fe304/MBG/PCL
Culture time / d o+~—r—7—""TT"T"T"T""T"T7
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& 7 MBG/PCL. 5Fe;0,/MBG/PCL. 10Fe;0,/ Time / h

MBG/PCL 5 15Fe;0,/MBG/PCL % % t 3 7%
h-BMSCs 48/ 1d. 3d. 7d & %8 1 3 78 1% 51 14
Figure 7 The proliferation of h-BMSCs cells cultured
on the MBG/PCL, 5Fe;0,/MBG/PCL. 10Fe;0,/MBG/
PCL and 15Fe;0,/MBG/PCL scaffolds
for 1 d,3dand 7 d"¥

] 8 MBG/PCL 5 Fe;04/MBG/PCL & 4 £ #£ 37°C
FERLR R F B DOX B ey 4%
Figure 8 DOX release profiles from the MBG/PCL and
Fe;04/MBG/PCL scaffolds in SBF at 37°C (48]

(a) 4 (b) 80 o
15Fe:04/MGB/PCL BrP’cj:H,rf
o, - 401 10Fes04/MGBIPCL
5 E —
E OFEOMGBIPCL)  © o |
- 5Fes04MGBIPCL | £
s 0 wearpoL| & % 5Fes04MGB/PCL
3 (=%
= E 401
2 -2 =
g 301
= MGB/PCL
T T T T T T T T T T 20 T T T T T T T
400 200 0 200 400 0 400 800 1200 1600
H/I Qe Time/s

& 9 MBG/PCL 5 Fe;04/MBG/PCL £ 4 X 2 # (a) il ftdh % (300K) 1 (b) TE#IFEE 180G, X
B 409 kHz 8950 8 37 F B s AR o &Y
Figure 9 (a) Magnetization curves measured at 300 K and (b) magnetic heating curves under an alternating
magnetic field with a magnetic strength of 180 G and an AC frequency of 409 kHz for the MBG/PCL and
Fe;0,/MBG/PCL scaffolds **

BT MBG/AWE > T2 G285, Y12 MBG/AEYIM G2 &2 28 b v UERE 3D $TENHI4%. %1
. Qi & APHRGE TR 3D $TENHEAR S % 7 /K A6 EAS/MBG (CSH/MBG) HA&H, SH &
BAMNI S0 T RALEE M LB R T 2 B A L RE T . MR AR AR st 5 a5
By, CSH/MBG & & SZBAHE T 40 CSH 2 4% T BE L 12E 20 iy )9 A8 7 1l o

F4h, MBG E A S % A AR 2, G0AH 4 2532 BS540 e I % E 1A 5 (2,
#il#% MBG A& XHHTHHASUEE N AR FENMBIZEAL, §l% TR s UL N H R R G A
R & T IR IR

2MBG EAXELEETHALAEETBRWEA

4l MBG SCZRH T H AR ORHURPURIRIE) BUR, 7EBHSUEE R 2 2IREP. Bl
MIvF2 7R Y], MBG 5HABRE R EYIRRL (W BV sl B = e TAPE) & aT blisag )
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FUERE, T HIAE T DGR A MU E s 4B s R MBG E &S0 AT B IEs 44, IR T HAR E
o B, MBG & &35 H HEMEE S B A WK B T 1. BHrst A TaH2UE E R 1
17 MBG ® &304 MBG/AYIMER AL MBG/AEWm 0T 262 MBG/KEHRE &
TR K ThEEAL ) MBG B & 345,

& 5 4k

\

2.1 MBG/E¥IMEE AR

R, KPR e PR DL AR S SR . PR =45 AEMBE . Aik) &
A] DU R R — AR R B, SR AL M RE R A e e R T4l MBG SRR, BT
FCWEA M, W s R — B — A AR R . 5T, R SR EIR) pH
TR R T2k S 28 RN s . 3958 . /b S g T ™. BT AR, MBG #HkFA]
5 H A A & E G % MBG/AEVIBR R E A AR, NIMHE = S AR R RE

Tang 2 APHRIE T R BB ABHIER % =42 L MBG/EId HE &, £ 2 5T
MBG-=l + 5 & 3 48 m g 5 B0 SR R S S WM RE 52 . Y ld B Bk F] 20%
i, MBG/U& 52 A SR EAG 51 LB TSR O I8 )R FLEE 1 mild R R A 150 1 S48 M)
J1eEvERE, EFLIRZEN 85% I, HAUEIRATIAS] 2.6 MPa ~ 6.0 MPa, & HH [FIMEAR %41 % (4 MBG
AR 100 £ o 4HMSIE IR 25 R 10 s, BB RSN 78 T400 (1BMSCs) 7 R NIE B 2L
289 (> 200 pm), HOKFLEE LI 4l 24 KRRERS, KU ZE G EA RIFHAYMHEE
PE, AR TR ARG th4h, MBG/EIE EE A0 LIRRE pH SAERLE IR AL #KF (pH =
7.4), {2k rBMSCs 4MMfI53 1. Pei 25 N 3D TESE &K VR AL T 2 4% 1 FHERR = 45/MBG
(C3S/MBG) HEA&CH. &L ZE6 T C3S MKEHES MBG LR AEY S PERe, HyU R &2
12 MPa VL |, FLBEEZ) 70%, mite T4 MBG C4%; shsiinst R, 5o €3S C4EM L,
C3S/MBG E &S Bt miba A e /), RitFHLSAEE.

HT B AR AN FLFLIE SR, MBG 1T UAE NP E A K R 7 I3k, 5 H b
Vb A T B AU AR 1 SR B 25 ik DR HEE A8 UB . i, Li S PRI MBG 5
IR ESE 7KJE (Calcium Phosphate Cement, CPC) & &l £ MBG/CPC B & 48, % 4R i KK E
SREZIA 1.51 MPa + 019 MPa, 54l CPC 4L, {H72, MBG f#EHNFHAEREH-2
(thBMP-2), fif3 MBG/CPC S ZER I tH o] FF 2 248 B rhBMP-2 [T RE, 2511 I A e ) i B
BN o

Schumacher 26 \P77E CaP 22836 @ i A MBG Jkish] 4 CaP/MBG H 43228, T H 7%
A BRI E N A K7 (Vascular Endothelial Growth Factor, VEGF) FJE A& 43R 8 H B B
FREL R R, AR T HIEE L. Zhang % APPSR 3D 3T ENSE & e miik 7614 7 MBG &

% 2MBG 5 MBG-& 14 + & & 3 2Rt 45 4 5 40 5 AL 0

Table 2 Mesoporous properties and mechanical properties of the MBG and MBG-Kaolin scaffolds °¥

Mechanical strength / MPa

Sample BET surface  Pore volume  Average pore - - -
name area / m*-g" / em®.g™! size / nm Porosity Porosity Porosity
65% 75% 85%
MBG 312.7 0.338 4.33 0.6+0.1 0.45+0.1 0.3+0.1
MBG-5K 263.8 0.283 4.47 48+0.1 3.6+0.1 25+0.1
MBG-10K 254.6 0.280 4.40 7.2+0.1 5.6+0.1 4.0+0.1

MBG-20K 229.8 0.263 4.57 9.5+0.1 7.8+0.1 6.0+0.1
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Figure 10 Confocal laser scanning images for 3D visualization of rBMSCs on the MBG-10K scaffolds:
cytoskeleton stained with FITC—phalloidin (green) and cellular nuclei counterstained with DAPI (blue) **!

B BRI =45 (MBG-B-TCP) A4, RMHUEIEL 11 MPa, WIS &40 p-TCP
X4 (8 MPa). 1RAMEIGFRY], 545 B-TCP SC4AHEL, MBG-B-TCP SCEE R A S 1) KR8 i KA T
fe77, IF HLUIE RGNS MR R SRR . SIS CT M BV/TV Al — S AE )
MBG-B-TCP 34 A A i 5 47 (0 S 7 2 1

2.2 MBG/EMIEN FEAX R

W MBG 545 ARG, T LRSS AR R YRR RS, ART
BHLMES I, MBG/AEY) &7 T2 & X FAE B HEE SIS 2] 7)) 2 %% . RAWEE (PCL).
EAR (PLA) FSAMGE S TR T BA LA R A D g, 17 HLnT DA e S5 i R AR
MBG Bk AR i1 2 48 00 77 2 B, BT DA H T 46 MBG/AEW s o0 7+ 1 & 48P %0 F 3D T,
JLHSZ DIW i, A& FAEAUT AR S B VA S MBG B MBG/AE 70+ H 6 5,
AT AR A S K kG 4557 . B H AT 1k, PCL. PLA. PLGA. PHBHHx % F (AW 40 744
REEHET 2 TH & MBG/AEW 4 T H A4

RONBE R EHR TR — AT e s e, BA ARG, B E A,
EHEARMER 2, SELARMHHERRIL. CEPIERY, SRR LER PCL
STERIRIEAYERE . BN, Lin 2 NS # g5 223EH1 % T T E 18 5 10 MBG/PCL £ 43748, 5
S5 RRW], 52 PCL XML, MBG/PCL B & 3R 232w 1 40 G B S IG5 22 . 4, MBG
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(A AT AR HEAG AR, H2 o (R B M SR IR (0 2638 LA BRI B 4 ) 734K . Gomez-Cerezo %5 A1V
K MC3T3-E1 4 AE N 2E—Topk & 40, HH0F 70122541 e /E MBG/PCL & A S48 RSN ETEAT A
LIS R RIS 41 MBG 281 LE, MBG/PCL B & 281 Ca™" BiUsit®, pH (TR RIG, %
B MBG/PCL E& 3 4¢HHT MBG 5 PCL 10 [A] B g H T vl DU R e pH A8, AT Ui ik
YA E 5 A4k

RIS IATEY B BRI A VB g RV AR A, T B4 R A% R R, B
WHEMREE ST EHLMEE 517, Yoon N MBG 9Kk 51\ PLA 4k, @id4
YRTHEH] 4 7 MBG/PLA H & 3028, 0197 T MBG/PLA B4 48 b8 A UL K BT HIBBUT N -
MBG/PLA 4 X EAH 97.0% ~98.5% Mtkm LB, i H5 MBG E& M EARGKM AR T
IRUFIIEAIRIETERE . HEE, FE0 & B i T DUESUE W WA SR B, i HLAF 44
JAE KR T DLE ] 3 K JE LA -2t it 77 sUBE SR it 4 F . Mk, MBG/PLA EA 4R
A R rE A S AEKRFRIEASEIERE, BAEHALUEE SRITIR TR,

N T SR A T RS TEH LSO 18 (6 A AR AR Xu 2 NSRBI ot et Jr ik
Hl46 T 4 B2 BB MBG/PLLA & & 48 . % BEEMif) MBG (p-MBG) ki /& i £ i
7E MBG BRI H R ATER, TR 2 BREN LR AR LIS PLLA BRSSP . B,
RZ BTN MBG 5 PLLA Z[AI[WACHEF T, AT R TE 9 & R I8 80k . BT gs 1
tHAESE T p-MBG/PLLA 5 & SCAHUE 8 A 8355 T MBG/PLLA EA 348, 1 R 2 Dk
TRV S ST 20 R B AR 2 . SRR . B AN oAb B

B TTE MBG/AEW) 15y F 526 3 AP0 o FAMRME 9 B ML RS, AT B AR 1 4R
Wiy T THI & E A 5. B, Zhao % ARH] 3D 4TENHI% T MBG R 335 TR

B 11 MBG £ 4 % %% SEM E: (a) MPV £ %; (b) MPH-7 X %; (c) MPH-5 ¥ %, (d) MPH-3 % %64
Figure 11 SEM images of the MBG-based scaffolds: (a) MPV; (b) MPH-7; (c) MPH-5; (d) MPH-3 1]
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co-3-¥ 3 O s (PHBHHx) M E & ¥ % (MBG/PHBHHx). @1 11 frox, AN E R
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A SCHEAT LAAE 2 MPa ~ 12 MPa 2 [ 3RA5AS [5] (A0 P FOATUAR 5, ) ) 3 T DA SRAS P 428 1 B A 26
RASEIG S5 RIRE, PGS 7 2 AT LA 20 B RS B AN 5, 10 S BRI B e AN 2 RS

AN, NT TR GEE B R T 2 RTEIVE D, Zha 25 NN R B RO SR (INH) /FHR
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Figure 12 Osteogenic expression of (a) ALP activity, (b) Runx2, (c) OCN, (d) BSP, (¢) BMP-2, and (f) COL-1
for hBMSCs cultured on the MBG-based scaffolds after 7 and 14 days !*
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Figurel3The representative effects of the MPV and MPH-3 scaffolds on new bone formation: (a) Micro-CT
evaluation of the repaired skulls; (b) bone mineral density (BMD); (c) bone volume/total volume (BV/TV) ¥

MBG/PHBHHx &4 4. RIMAN LI BILH ZE A XA LIRIR CaP SZ 42 BAG K I 25 W RE i
INfE], 4APYA INH AT REP 02453 B ] LLLE 84 d BB IR 8] Py 4E R 4276 M i1 LA L, 9% ELW
FRE I 5T o on] R AN B RV A B B K I . Zhu 28 NSBB8 T — i gk — IR U T
HHZK (DMOG) i) MBG/PHBHHx H &34, HITHIF DMOG HRFSERE U 75 BE(L 1 Jmy 348 1L &
AR A SERERY, R DMOG 259 4 J& A 05 S8 T i & 16 = S s m {2 2
AR, RN EEE hBMSCs 8 E 44 MR e 3 5 5 .

2.3 MBG//KEREATE

IKEERL e — KRB WORSE K =M R A, T URISCR E KA 2B IR — ki,
IR B K B FL 8 AT R FE P FE AR DG, LSS MR LT PR /ML (Extracellular Matrix,
ECM)' 1, [R 1, 7K A 3 L T Xt 200 BT A% R SR A% B A 3 O PR 88E, AT (et B T2 o BF IR B
IKEERE A MBG 1] DA iy A S A BB A E T o RIS H T KR AR LB i B A X A1
MBG FURL AT DAVE g3 i AH LB /K B S 2R FINUARGRE . 124 ik, HFERR L. 7. R,
“FEA. FEER. RIEEOSEZSHOKERAE O THl % MBG/KER S & 28N TH
MLMEE G5BT . Luo 2 NP 3D ITENF ARSI % T —Fh MBGAEIEIREEE A4, %8 A
ABAETFHRPRIL AL RILI D R 2 fLE5 M. B 7E 2 E & MBG FURE 1S 52 281 )24 Fa e
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Figure 14 The mechanical property of the MBG, 2.5silk-MBG and 5.0silk-MBG scaffolds: (a) the mechanical
strength of dry scaffolds; (b) the effect of soaking time in PBS on the mechanical strength of the scaffolds ")

P BRI TR BE RN B A 2 Ve 15 B0 B Bt . HhZE KA (Dex) AR 254 6138 E] MBG,
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MBG/% & 8 SCRBIMEfE £ it PBS 126 28 d
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15 fi, MBG/4 M FHE ARSI 42 [ TS 3
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0I5 100 pm = 300 pm, ALBRART 90%. g 15 \pG 5 MBo/2 % % & % R4 Dex B i 4
EAEYIEYER MBG B &5 56 X2 MAEY) Figure 15 Dex release profiles from the MBG,

SEPER SRR, T HZ22E A S YA 2.5s1lk-MBG and 5.0silk-MBG scaffolds
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Figure 16 SEM images of the BMSCs’ attachment and morphology on the MBG, 2.5Silk—-MBG and
5.0Silk—-MBG scaffolds after culturing for 1 d and 7 d !

P FEARIER 25812 DhR IR R & SR R4 i S MB E Th e

2.4 IRk MBG E4 %

iR MBG B &3 B AR IRE MM Z LR, H I R IRV =R it — P42 MBG
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SO EIN MBG 4247, T MBG S4B RUFH AP BRI, IX 80 42 8 e 2 Al DAY SE 248
TR 5 2 LE D R RE TS SR o I AR E R 1S, MBG SC 2R B Ak 1R85 1) — Lt 2% mT LA
PAH R R, TR A R I SR e R R R 1 TR
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21, {23 Col I. Rux2 2R AHREERKIE. Ihoh, B-MBG X ZET LAk Dex, FEFFEEILH
SR TR AE SR 25 E R ThRE . Kk, B-MBG CZRTERHE R . 185 B 4H 4B 7 i BAA Wk
A, Wu 2 A\SWERFS R T 4452 MBG (Li-MBG) 3228 T B el — s g d sk . LLk
BT BB A P123 5B A BRI 4R SR ] 4 1 Li-MBG 2 A& 2 28T DUBE LiT A1 Sios™ B, A
BRI R N ERERE AL RS . XZFA Li-MBG 24 28RN Lit & il Wt {5
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STy ’

B 17 = 8% %5 Zn-MBG X E & E¥# 7 2 A 5 4 HOS 4 fL#y SEM &
Figure 16 SEM images of the surfaces of B, 4.0Zn and 7.0Zn MBG scaffolds cultured for 2 days which showed
internalization and colonization of HOS cells. The external level (L1) and the internal level (L2) show osteoblast
colonization (indicated by arrows)!””!

S A B AR T R IE B, {2 BMSCs RS FEAN R E ks B, LiT BT HE
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HAT, 405G E LU E AU G M. T B SRR N R P A B R e, R T
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A FLIE LN T 0.8 mm ~ 1.4 mm 2 [A], X TG0 30 A RS B804 A, R A B o i 22
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Figure 15 Antibacterial properties of MBG scaffolds: (a) representative confocal micrographs of S. aureus
biofilms formed on MBG scaffold surfaces (green: viable bacteria; red: non-viable bacteria); (b) the percentages
of the surface area covered with dead and live bacteria!’"!
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