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Abstract: Carbon fiber/polyetheretherketone (CF/PEEK) has been widely used in the field of bone repair. However,
its bio-inert nature results in poor osseointegration, which significantly limits its long-term stability and bone repair
efficacy in clinical applications. Here, a manganese-doped nano-hydroxyapatite (Mn/nHA) coating was constructed on
the surface of CF/PEEK using a liquid-phase self-assembly strategy of inorganic nanoparticles. The experimental
results demonstrated that both Mn/nHA and nHA coatings significantly improved the surface roughness and
hydrophilicity of CF/PEEK. Further in vitro studies revealed that after co-culturing with rat mesenchymal stem cells
(BMSCs) for 7 d, the relative cell viability of the Mn/nHA- and nHA-coated materials reached as high as 180% and
159%, respectively, indicating a pronounced pro-proliferative effect. Additionally, alizarin red staining and reverse
transcription-polymerase chain reaction (RT-PCR) analysis showed that both coatings enhanced cell mineralization and
osteogenic differentiation on the material surface, with the Mn/nHA coating exhibiting a stronger promoting effect.
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FE Bk IR (Polyetheretherketone, PEEK)[A H: K 41
M AEPIAHAS M« I PR S 28 AT 3 1 DA S 5 N A 21 21
DCTC 14D 3 A A S R s, I PR B A 1 2 5 A e
e TR =R B R S = P (DA S el b=l =1
24l PEEK fR/EPUE L% 9 B 45 ) S 1 BRI 56
W, E N R A SRS R, AR
PRIRRE . DRI, ELA R e o AR v R )
CF/PEEK & &M BRI )12 %0, FHZ ik e
BN B AR AR AR DL, (EEEEE R,
i T CF/PEEK A7 J& T A kL, HAEANEN
J& 518 EH Z A EAE R 25 S A RCOR R AT 4E4H 41,
TERL S 564 T 5 = A RA Bl L 2 2R 2k, ™ B 5 i
I PR K 9 R i v A i B 2 R M. B, fn e 3R
CF/PEEK. 3 TH] A= 43 11 LA o3 LA 4 -1 22 A5 1 LRk
VRS IRE b AL T G

MATHETE CF/PEEK 3R IHIAE P 14 1) 5 s = 2
SRR e I B T VR (RS TN ECSE B TR )
B A, 27 5 V2 (3 T R ol Ak T AL, 2 4 B ) 7 A R R
[ #4) 28 $2 J % 7K A4 (Hydroxyapatite, HA). 5840 HE
Z RS EEIRED Y ot HA IR 2 ZIT TN
TN — YNGR Z . B7E 20 4R, 4% 5
FBHABCK HA 1 CE/PEEK &t 2 s h i Mk AL 3 3
TR o AHIX ISP SR ol T 26 PR T PR 1), X B
o 2% TH 6 W AR N AR S BB T 1) 3 R, VR E R ek
RS R E s R, B0 W95 Kk 2 i
15771548 CF/PEEK E#J#E HA IR)Z. MHELRCK
HA, 21Kk HAMHA)E N & H 20 3 E AR5,
PRI FLBRARE () oK RS 808, RS2 T H A4 L A 4 v 1 AR
(BB P A A P o R U, R R A A R
—UeF R R, nHA BR T A G A2k g fAEAN, 18
AR % SR AR BT k1T 1) B S R

i (Manganese, Mn){E N N A& TFE TP 70
R, BERS R B A A R ak E T R
RIE, WINERE Mn JGE AEIERE AN B R (1 3
BEVEFE . s AR A e 4n e A e A B
W30, R B (Y, Min B T R R R AR
S5 5 Th] i 2 B L UL, A Min BT i
R RGBS ENEANAD . B SOIR 20 L A bk B 4
(1) G 9% o 25 T 3 N A B 5, AT % B 980 cGAS-
STING 5 5%, @G EA GMP-AMP(cGAMP)
EEAe AN, R, TSR AT 4K Mn
TEREVEH G N BIRERR B . ZIF-8 59K T,
DL I 7 SRR Min SR 8 478 B 45 2H 2 G 358 A 853
TR BRI S AR H R B AR, X LR 73
AR T B s B R R0,

AWFFRSEH T Mn Pr[A nHA % S 400 5CE 016
DUOE kB A BT 3% . 3 FOAAL 25, %t CF/

PEEK BEAT T AfL THALBE, 72 H R & BA R1F
B M RN 2 E Ae AR ARG 6 )8 - M I ) 2% (Metal-
phenolic Network, MPN)*!, DASZE Mn/nHA (] 5437
H A% o i fA S i AL 1 97 S8R K L, Mn/nHA iR
JZ CF/PEEK 5 &R0 R RE 5 i 42 4 L 08 58 L 7340 S
BRI ERIE, 2R IR E HAEE .

1 XW7E

11 #H#mEE

Jit Ff CF/PEEK # #4 ) H 3% [ Polymics A ], £
HUBE N L R% 8 mmx8 mmx2 mm )77 1 J5 #E47 ik,
PR AR . BB KT TG e . FIH
JiR B4 BN 98% B R VA AL 3 90 s Ji5, 159 EIfAL
CF/PEEK(SCF/PEEK)# k. #R)5, ¥ SCF/PEEK #4
FHRIBAE R T (12 g/L) 5 TKEM6 gL)IRE
W, RN E 12 ho 5, @i R DiE
4 HIEC I 0.5 mol/L fY) Ca(NOs),-4H,0.0.45 mol/L
ft) Ca(NOs),-4H,0 F1 0.05 mol/L f{] Mn(NOs),-6H,0
W, LLK 0.3 mol/L ) (NH,),HPO, &, Tfif# Ca/P
FI(Cat+Mn)/P (TR BE/R LA 5 ¢ 3. KT 5
) SCF/PEEK # %143 AN Ca ¥ ¥ Al Ca+Mn &
W, 3230 min J5, RISWEIN P AR . A, @
UK pH, EHL4ERRAE 10.0 /24 . £F P 0GR N
SEEE, B 30 min JEFRAL 24 he BJE, BCHATEL
HHEBETKREF, 4% nHA-CF/PEEK Al
5%Mn/nHA-CF/PEEK E &1k
12 HRIBMRERLE

FIFH 3 & 5F 3 8 B 7 2 5308 (SEM,  S4800,
Hitach, H AWM H4 kLR TH T SRFAE . 8 JHE T
71 B 555 (AFM, MFP-3D, Asylum Research, 3 [H)
SR i A T O T3 I B4 Rl 2 T 4D REL RS
B, BT REERET (LIRS 75 KHz, FrERMA X
B RE SR 10 pmx 10 pm [ =ANJEE S X,
I o SR KB fil A W A (WCA, L4200,
KRUSS GmbH, 78 [l &kl K 2 fm f, LAV
il A4 AL e THI SR B K 1 5 P TRC % % ek 4 % 3 (ATR)
F G0 1) 18 B AR e 21 41 3 6 6 B 1H(FT-IR, Nicolet
6700, Thermo Scientific, 3& )7 #11¥ i 3R [ (1) 46 2=
FH B X SR ATHX(XRD, XRD-6100, Shimazu,
H A) o A iR 2 T AR 2 R o R FH X S 286 Fe T g
WAL (XPS, XSAMS00, Kratos, i [E)FAFFE M %
TCER RN 2.
1.3 #paEsE

K. BMSCs W50 CF/PEEK Ff i (i i
PEo TE S%(ARF 380 = FALBRFN 37 CHIREF: %M1
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T, BARE T &R 10%B4 iGN 1% & =/5
R a bR HEPIATR IR, B REAT — I .
YHM R AT, BTA RS 75%(0 & 530 LI TR
K # 10 min, R J5 M G BB R 22 ohiE W
(Phosphate-buffered Solution, PBS)#ti% 3 K.
14 ¢HAEIETE

% 20000 cells/mL % F2 K Al I M AE 48 FLAR
(¥] CF/PEEK # i I, &40 3 AFATHE . i okt
B AT ML (CLSM, LSM880, Zeiss, 3 )%
BMSCs IAKEM. Hidk 1. 4 #17 dJ5, M PBS
VEVEFE S IR, %6 & = & TR I (Fluorescein
Diacetate, FDA)FIAK P (Propidium Iodide, PTI)4e{t 5
MR A 3-(4,5- - FA MR- 2 JE)-2 5 — IR L PU SR
#h  (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, MTT) VA A L FE I L. 3597 1. 4 F17d
Ja, HIJCTE PBS PelsAe sk, &L 500 uL &
10% MTT #EWRIIERE)S, BOLHE 4 h. A
I mL —HETRERE, KA 37 ClHEIR
R PR 15 min, BEL70H 200 L H# 2
96 fLAH o e, A BB FRACAE 490 nm A T I E
BAFE S 06 % B2 (Optical Density, OD), &4 % E
3AATRE, BASFATHERE = AR AL, BUYME.
15 k56T

I PE R S YL PPl 4n i 41 i (Extracellular
Matrix, ECM)[{F LFEEE . B59% 4. 7 Al 14d )5, %
FRTH (1) BMSCs 41 fE 4% % R B P [E 3 1 h, IFLE
i T 1%9 RFERGE 10 min. FHIEBEZEK M
Ve B BRAR B MG, 85T 65 B AU W 5% Gyt 3%
R NTEEROMR, PraraH 500 uL/ALH
10% 175 e B itk g S AN AVA B i, FF7E 567 nm
BT EAH N, OD fH

FESCSEg A b, T ORA AL H ) CF/PEEK
PR A R, TOVEEG B N IE M I 52 2
A RE 2 T G (iR, i B 4L J5 1) CF/PEEK,
HI 9 ¢ SCF/PEEK 1E Jysxt H2H DA WL 4%
16 BESTK

¥ BMSCs 5AFMEIHILE SR 4 d 5, FIH
Trizol G BUHAS R 4L 40 9 5 RNA, il id 1%
SRR SR R T RNA 15 5605 ¢cDNA X 3
HH B A K 4 BE H (Bone Morphogenetic Protein,
BMP). runt %% 5% A 2(Runt-related Transcription
Factor 2, RUNX-2). ‘i {i4" % (Osteoprotegerin, OPG)-
‘B 5 2 (Osteocalcin, OCN) . i V£ 1 FR % (Alkaline
Phosphatase, ALP)F1‘H M R & [1(Bone Sialoprotein,
BSP)#t4T RT-PCR #&ill, frFZF 51 71an3% 1
Fim o I BCH h 2 i S (GAPDH) 1 N 5 5
BRI, AR R

&1 RT-PCR HFTASI4#55!
Tablel Primersutilized for RT-PCR amplification

For GAPDH

F: 5'-GGCACAGTCAAGGCTGAGAATG-3'
R: 5'-ATGGTGGTGAAGACGCCAGTA-3’

For BMP

F: 5'-TGACTGGATCGTGGCACCTC-3'
R: 5'-CAGAGTCTGCACTATGGCATGGTTA-3'

For OPG

F: 5'-AACCGCACCCACAACCGA-3’
R: 5'-CACCTGAGAAGAACCCATCCG-3'

For RUNX-2

F: 5'-TGGCCGGGAATGATGAGAAC-3'
R: 5-TTGAACCTGGCCACTTGGTT-3’

For OCN

F: 5"-TCTGAGTCTGACAAAGCCTTCAT-3'
R: 5'-AAGTCCATTGTTGAGGTAGCG-3’

For ALP

F: 5'-CATCGCCTATCAGCTAATGCACA-3’
R: 5-ATGAGGTCCAGGCCATCCAG-3’

For BSP

F: 5'-GACCAGTTATGGCACCACGA-3’
R: 5'-CGCAGTGTTGTACTCGTTGC-3'

17 Sitoh

BRSCH A B, A SE 3 DL = AN 0T SR s
(1)1 A A5 1 22 (SD) R 7~ « ¥R e it 25 35 1 A
SPSS16.0 XAt AT 74, HRH BR300 A 4
PR EEZER . p<0.05 RRBIAFEG T EE LT
TEVEER, FREA* p<0.01 RREEEZER, frid
AEE; p<0.001 RN 25, FRid e,

2 HRSHE

2.1 HBLRAE

CF/PEEK EA R ki, & A5 0 N RH
DA S 2B ORI LN Rl (S LRI UPIQ ARSI 2
J&, L SEM w] LAWE%2 3] CF/PEEK SR HI L 1 1F
Z R, I HX Sy W FL R FLAE R & &
X2 JRPE N 50 nm 72 45 40Kk F (B 1). 12 Mn 45
Vi i U AP/ TARRYIZE V8 3 AT E - [t i 7 B
AFM WEE R I, B 99 KR BT, CF/PEEK
2 THIRH RS B2 O& W 3G K, A 150 nm 75 A5 3G N &
250 nm 245 (B 2). T Mn BA%01 5, 99K6
TSR KA EA 1, Kk, nHA-CF/PEEK
F1 5%Mn/nHA-CF/PEEK 1 2H F i % [ ¥R il 52 41
KPR E 2R,
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Fig. 1 SEM images for surface morphology of various material samples
(a, d) CF/PEEK; (b, ¢) nHA-CF/PEEK; (c, f) 5%Mn/nHA-CF/PEEK

® © o
pm oo 10 7922mm 10 792.2 nm
679.8 nm 0131 pm Llpm 359 m2 4 : :

10 (g

679.8 nm

—869.0 nm

0 10 pm 0 10 pm 0 10 um

(g) koK
300 ns

CF/PEEK  nHA-CF/PEEK 5%Mn/nHA-CF/PEEK
Kl 2 CF/PEEK (a, d). nHA-CF/PEEK (b, e)# 5%Mn/nHA-CF/PEEK (c, NE LS AFM EUE (a-HATHLEE E (g)
Fig. 2 AFM images (a-f) and roughness (g) for surface topographies of CF/PEEK (a, d), nHA-CF/PEEK (b, e) and

5%Mn/ nHA-CF/PEEK (c, f)
(a-c) 3D images; (d-f) 2D images; (g) Roughness
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ZEIEWS, 4 Mn/nHA IRz CF/PEEK & & #4 R 8 K A4 S il B i P TEAR

TEE S, MORLER I 2R /K P 7E 5 20 i A
S (AR ELAE P I R b v o B A (YL stk
e RV T 9KIREXT CF/PEEK 3K TH 5 5
IKPERIFEI . 45 R 3 fir, K& F K CF/
PEEK [ 2 3L W B (5K 1, 1 Bt =5 19 40 K
TFZEETIOAR, AR TH 4R B /K RISk A%, 1 B
MEERI =4 T KESEK TR

FIH FT-IR %+ CF/PEEK & [ i Fh 4y K ki 1 4L
SR HEAT A3 M o 0 P 4 BT, 7E 3445 F1 1420 cm!
BT H B T 6 BT OH [ 46 415 2h 4 A 2 il R 3l Ui,
7E 560+ 600 PA K 1020 cm' FIE HIF T %5 B T PO;-
AR IR B . XRD 45 53R (K 5) 20K, PRhgKHRLT
FIRFEIE 5 HA FrvfE B (JCPDS 09-0432)ff) Hi 7Y 4
FE VX, T BH P P 40 KR 1) 32 AH 20 12 HA.
EAERNLE, REWRR-FIE 20=31.8° Uz &l H
LY RRAEIE, {H 5%Mn/nHA ) 5 R AE I K AE T %00
% o IX AT BE A ROV ER 142 /N T45, MEEN HA
e A B A 5 ), AR ISR, A S EUR N, A
RTINS 2

- -
ﬂ nlln

0
CF/PEEK  nHA-CF/PEEK 5%Mn/nHA-CF/PEEK
Kl 3 CF/PEEK.nHA-CF/PEEK 1 5%Mn/nHA-CF/PEEK %

TH FR) 7 32 ik £
Fig. 3 Water contact angles of CF/PEEK, nHA-CF/PEEK and
5%Mn/nHA-CF/PEEK

5%Mn/nHA

DHA\OH/

Water contact angle / (°)

Reflectivity / (a.u.)

/

PO}
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm™
K 4 CF/PEEK i nHA Fll 5%Mn/nHA &2 FE i 1) FT-IR

i
Fig. 4 FT-IR spectra of nHA and 5%Mn/nHA coated on
CF/PEEK samples
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= [s%MnmHA
)
=y
&
ﬁ nHA

’ H ’ JCPDS 09-0432

I b Db
25 30 35 40 45 50 55 60 65 70

20/ (°)

5 CF/PEEK #Ifl nHA #1 5%Mn/nHA ¥ 2 F 5 1] XRD
P

Fig. 5 XRD patterns of nHA and 5%Mn/nHA coated on
CF/PEKK samples

PIRh gk 7 1) XPS 4 i (& 6(a)H, BT
Ca. P ZE R MM ARE MRS, A B K Mn2p HF
e, BEAk, 43 (B 6(b~d))Ew, £id Mn
FJE, LRGSR R BRI T MW . H
B, Mn JCEAM Ca SRR H BAFFAEIE, 551
A Mn2ps;ss Mn2pi, A1 Ca2psyns Ca2pyn, FIE A
Ao X EREREFHTEES T, K Mn FIBANE
PR 5% 2). LR RILFBH T AT
PR T R AL %, RRIhSEEL T nHA A
Mn/nHA 99K /2 4E CE/PEEK 2 [ (93 20T, X
AMLIE TN T MR R TR B2, et T Hor K.
2.2 {KIMERBIEREIEM

R U (1) 24 A 25 1 A R B A R4 PN IR A3 22 4
A BRI AT . AP IERE KR BMSCs 1E ik
AT SR B A A DLPEAl CF/PEEK FOAA S 40 B FH 25
PERVE B FAR . @i CLSM M 2240 M 75 A [H)
CF/PEEK K72 1. 4 Al 7d G AAHESR, RIL=
AP R R T A 3 R EOEE A sl R RS, B
S B %55 P ot o i 77 ) ) A KB T 3 K (B 7(a)) - At D
TR B, BEE R IR A K, 4L E L
PE J5 R Rk THT 40 B 5 A BL 25 1 0o R 25 s 3,
ARG Ry HIE 2] 159%A1 180% (K 7(b)). Hiltk
I, MRS RAF RSN AR 2 PR, H
Fir nHA BJ2H512 5%Mn/nHA &2 8Lk T
BMSCs 7 CF/PEEK % [ () 4 48

WHE S, 8785 4 AR A LR T 3G 5 — B
WS, SIEERE T g, At — Dol Aok
(R Bl AT e, ASAIE 70 B 2 il v 2R 20 e %
P4 ) 2 THI 5 75 40 M I A0 B8 0 HEAT B VR A .
K 8 Fiar, S#PRIJLE:9E 4 d J5, SCF/PEEK K [fi A
AT AR 4k, 1 nHA-CF/PEEK 1 5%Mn/nHA-CF/
PEEK WM KR INA D EFA AR, —
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(a) 71 Ols

5%Mn/nHA

Intensity / (a.u.)

b) .
o Experimental

Intensity / (a.u.)

1000 800 600 400 200 0

' ' 1 '
654 651

Binding energy / eV Binding energy / eV
() 5%Mn/nHA @ 5%Mn/nHA s
o Experimental - Experimental
—P2p — Ca2p,p
A = Ca2p,,
< s
z > .
2| nHA o Experimental @l ° Experimental nHA
2 —P2p 2 — Calp,,
- = Ca2p,,
138 136 134 132 130 128 126 354 352 350 348 346 344 342

Binding energy / eV

Binding energy / eV

Kl 6 CF/PEEK #Tfi nHA F1 5%Mn/nHA ¥ ZFF i 1) XPS i
Fig. 6 XPS spectra of nHA and 5%Mn/nHA coated on CF/PEKK samples
(a) XPS full spectra; (b) Mn, (c) P and (d) Ca element valence analyses

*2 MHRRERENTZAREFZEH)
Table2 Elemental composition of the surface coating (in atom)
Sample 0/% Ca/% P/% Mn/%
nHA 63.96+2.55 21.38+1.24 14.67+1.22 -
5%Mn/nHA  69.41£3.15 17.05+1.74 12.36+1.24 1.18+0.15

M S, A S TE BCE A A2 BT 2 WA TR 2
WHILES G, A5 RAE SR RA
ERT, BEE IR A A, PR K I R
J& 1) CF/PEEK & THI YT P B (L 12 3 ni, B X 3t
BEHE K. HLREFR 14 d J5, X4 SCF/PEEK K 1H
5 R B> A 4 PT%E, T nHA-CF/PEEK Al
5%Mn/nHA-CF/PEEK W 2041 K} & 1 JL T S8R 4
YT E . Mt T e BT G, RIS E WA
U2 SSOPE M ) 2R T A 4 Y DU E B A T R,
HP A S R 2 [ TE R 2R, W5 N Mn
IR B35 B8R nHA ¥R JZE X 41T L BE 1Tt

0 AE BCE A A R AR B AR T
Y ff A S 5T BSOS B DU B Ak, B LR R IA K
B AL A . it RT-PCR X} BMP. RUNX-2. OPG.
OCN. ALP F1 BSP & 6 /Nl #H <L K /£ BMSCs
W R BT AT . 45 R 9 Bor, X BMP
F1 BSP P4~ A, nHA-CF/PEEK 1 5%Mn/nHA-CF/
PEEK P 2004 kL 3 #H A I CF/PEEK 3R AL HH B =1 11
FKikgE. FRNEERZ, 5%Mn/nHA-CF/PEEK #H Eb

CF/PEEK nHA-CF/PEEK  5%Mn/nHA-CF/PEEK

240 [, . CICF/PEEK e
(b) = nHA-CF/PEEK
=1 5%Mn/nHA-CF/PEEK
200 % AR AEk
°\° e % ==
5 160 F = ==
:-§ 120 B *% ***t*t
§ 80|
40t
0 L 1 1
1d 4d 7d

K 7 & CF/PEEK.nHA-CF/PEEK & 5%Mn/nHA-CF/PEEK
RIMFEFR 1. 4 F1 7 d ) BMSCs 58 15 5L

Fig. 7 BMSCs growth and proliferation on CF/PEEK,
nHA-CF/PEEK and 5%Mn/nHA-CF/PEEK after culturing for

1,4and7d
(a) CLSM images; (b) MTT analysis. Colorful figures are available on website
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SCF/PEEK

nHA-CF/PEEK

5%Mn/nHA-CF/PEEK

@

4d

7d

14d

12 (b) = SCF/PEEK —

= nHA-CF/PEEK *rk
0ol = S%MnnHA-CF/PEEK —I—{—

*okk
So6F _xxx S

Skkk X
i ﬂﬂ ﬂ
0 I—=—| 1 |—=-| 1 * |—=-| 1

4d 7d 14d
B 8 f£ SCF/PEEK . nHA-CF/PEEK X 5%Mn/nHA-

CF/PEEK E£M#:9% 4. 7 Al 14 d 1) BMSCs i fk.fg

Fig. 8 BMSCs mineralization ability on SCF/PEEK, nHA-CF/
PEEK and 5%Mn/nHA-CF/PEEK after culturing for 4 , 7 and 14 d
(a) Alizarin red stained images; (b) Semi-quantitative analysis.
Colorful figures are available on website

2.0

FAN AR ER T LT BT BCE A SR R 1Y
FEACE, YEBIEIN Mn REHE B MG GE nHA X}
BMSCs i 7 LR HEAE

25 FATR, nHA A1 Mn/nHA P0G 2 S RER K
£33k BMSCs 7£ CF/PEEK 3 [ i) 58 Fl i 4k,
B HER R N EE, FHJERE ] LU AP
Tl ERRIPIKIRZMIEN A T CF/PEEK #
THT AR AR T 5 RS i K M o BRAE 14 2 i FC#0R 1H,
S ) 2 T AR FiE R 08 DR 4 AR G B B L B 22 A
(147 [F] B 30 B A 2K -3 6 PRI 255 5l B AR T AL
WA S, R k4 A I 5 R B AN A5 T 2R AR . T
H, ] DL i 3k 2 1 5T R B RO 4 B A e R AR
o 38 T B S AT A7, BETTAR TR SR AR, B
T TE SR A SE B K YE IR0, nHA A1 Mn/nHA ¥
EREAS . BRI SR X BMSCs hRge 2
TEBEMWER . Hd, S EhE g e
. A1E BMP 5 il SR SRR
EACE R A R R F B, A% T, nHA-CF/
PEEK #1 5%Mn/nHA-CF/PEEK W ZH A4 R} 35 I 1 48
FEEE IR 4B 1L B 70, {H 5 & (R Bl 24 R Rk B
NEREE . WAE Yang ZCURIRIE, 4HEET O
BMP/Smad {5 i@, &3 i RUNX-2. ALP #l
OCN {33k, #EmfEsE BMSC [ EE 24k . 5%
L, AR gERER, £ nHA RZET5I NG,
5%Mn/nHA-CF/PEEK &% i 746 RUNX-2.
ALP fl OCN fEN I 6 NECE A RE R I RIE . 7
T sn, SINEBE B nHA {23 BMSCs 7E
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