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Abstract

BACKGROUND: Calcium phosphate (CaP) coatings are widely used to improve the integration of titanium implants into bone but these coatings are associated
with risks of infection. It is thus desirable to confer antibacterial properties to CaP coatings.
OBJECTIVE: To prepare CaP-MgO composite coatings by impregnating magnesium oxide (MgO) sol into CaP coatings and assess the in vitro antibacterial

activities and cytocompatibility.

METHODS: An electrolyte was determined by titration and used for CaP coating electrodeposition on titanium (referred to as Ti-CaP). MgO was impregnated
into the coating by immersing in an MgO sol with different mass fractions (15%, 30%, 50%) and subsequently calcined to form MgO-CaP composite coatings,
which were recorded as Ti-CaP-15Mg, Ti-CaP-30Mg and Ti-CaP-50Mg, respectively. Microstructure, tensile properties, critical load, and Mg”* release of coatings
in vitro were characterized. Antibacterial activity was assayed using spread plate method by culturing S. aureus on the pure titanium sheet surface and Ti-CaP,
Ti-Cap-15mg, Ti-Cap-30mg and Ti-Cap-50mg surfaces for 24 and 48 hours. Mouse osteoblast suspension was inoculated on pure titanium sheets and Ti-CaP,
Ti-CaP-15Mg, Ti-CaP-30Mg and Ti-CaP-50Mg coated titanium sheets, respectively. Cell proliferation was detected by CCK-8 assay, and cell survival rate was
calculated. The morphology of composite coating soaked in DMEM was also observed.

RESULTS AND CONCLUSION: (1) Homogeneous, microporous CaP coatings consisting of octacaclium phosphate crystal flakes were prepared on titanium by
electrodeposition. After sol impregnation-calcination, MgO aggregates were filled into the inter-flake voids. The extent of MgO filling and Mg concentration in
the coating increased with the number of sol impregnation procedures. When immersed in phosphate buffered saline, all composite coatings actively released
Mg’* within 1 day; subsequently, the Mg** release slowed down on day 3. A small amount of Mg”* release was still detected on day 7. The vyield strength,
tensile strength and fracture growth rate of Ti-CaP-30Mg coated titanium were not significantly different from those of pure titanium (P > 0.05). There was

no significant difference in the critical load of Ti-CaP, Ti-CaP-15Mg, Ti-CaP-30Mg and Ti-CaP-50Mg groups (P > 0.05). (2) Except that pure titanium sheet and
Ti-CaP had no antibacterial properties, the other samples had good antibacterial properties, and the antibacterial rate increased with the increase of MgO
content in the coating. (3) After 1 and 3 days of co-culture, the cell survival rate of Ti-CaP-15Mg, Ti-CaP-30Mg and Ti-CaP-50Mg groups was lower than that of
pure titanium group and Ti-CaP group (P < 0.05). After 5 and 7 days of culture, there was no significant difference in cell survival rate among five groups (P >
0.05). The content of MgO in the coating decreased gradually with the time of immersion in the medium. (4) The MgO sol impregnation added antibacterial

properties to the CaP coatings while retained their biocompatibility.
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0 5|= Introduction

R (T) RILE 2B RIFM 2= M R & 0w
VEEREAREL Y, (BN B A7 7R B YL B XU, un H A%
W5 B W RGP RIE 2.5%-10%7 . BNV L 54 LY
JEAT S B, T A I P PR 4 T R AR 2R I BRI S I TR
Y, SRS AT P, BRI P AR
PR e ) BB IRIRE L.

RS (CaP) & AR LA AL 7, R EBEIERE
1 7K A1 [Cao(OH),(PO,)G] %5, %5 B Tt ik CaP IR ZBLH 2
T o ah B B4 B, (B ER FOE T UM X a7 2
Bk, BN TZASREE MRS, BUBIEA S
FhE S I R R &5 caP 2 Y, HEH . %
FEMERNHMIR N EH Cd™. PO, IR, HMindE, [
WORE (4n HY IR ) 3 A B3 pH {E BT, 510 CaP 2
R E B — I 5 AEBE VIR I R BLAE D
R HUTRIRTE CaP N THICT MO BB KT EHE
T CaP I E A P, (B, CaP A REAGHIHAE 1. 4
W IE IYBLTLANIG PRI Ui it FE R 1B, CaP ¥ 2 140 26
BRI PRy R g e Tk O

WLk CaP ik Z 5P RESRE AW T HPUH
fiE /7. ALTOMARE %5 ™ H fg JFURL VL AR B 1T ) 4% 3 X KB R
) CaP ¥R, JFUESEILTE £ B8 (03 4 BR 1 K5 77 0 A 1]
KOSE £ ™ | % BRI 5 T Wik CaP B2, RN &
A S I R IR /b A TR S AL AT R JR S e, PIERRE 25 ™ S
HL TR ) 4% 2 4 CaP iR, I ILAE A S 2 R b ik 2.
MO 5. HR AR 5l %), AR R B H 28
2. WMESEESRE AN RIELFERMECE, B —%
FERIVEH U,

4664 | PERRNTIEHAR | 5828% | 352957 | 2024108

Bl NMEHRTR (RALEE 248Y), 3 S5HeRAu
S PR Y, RS EAS RIF A, Bl
A RN H S BN 330 mg™®. PATEL 25 g 4k
B (MgO) YKk 7 7 5 N gt B HUEMmILE 3%, K
PIHLAE < 300 pg/mL T B M. I 7L ikiE MgO Hik
HAEDUHEAE /1. SAWAI 25 P 358 MgO FORL7E /R 41 B i 1% 7%
FR R 4 B (08 A R AR A B 142 K . BHATTACHARYA
2t B2 AN K MgO TR 78 4 B B AR S TR AR, NN B
FHESISG BT ( PUIR MR ) Ja P 28 0 35 PRAK, 1R P AR TE 1
2 MgO [IFLEINLEI 2 —. AR FTIE S MgO B4 40 i 2k
VIR TE i, 40 COELHO 25 ™ i 4% 7 MgO- e R K 1 &
WKL, I BRI S8 R AR AR AN e A 4 T 0
K BR TR AR WA BT BUAE IR

H A v et s B R 2 A MgO I 1> CaP iR 2P B 14,
(AL, O 2 S 56 45 5 W 0 R R0 9 Jioe 1 Jsz v 1) 2% HY MgO-CaP
E&ERE, RISHPEM, FRIEE &% E MR A
A,

1 #RIFI55% Materials and methods

1.1 &3t MRMIA . BAYERRAE . MRS BE S8 KA Ah
YD 5SS, 22 ZH ) EEACR FH B ER 3R 07 22 23 T A SNK A 56
PIAHLIE LEECRH t A5

1.2 AfE AbE SEHGT 2022 4 6 & 2023 4E 9 HAENY )|
AEFHE NI A BN HOR TR SE58 % 58 o

1.3 A TiH (TA2, JEFF 0.1 mm. 4 mm, JLEURFEE(S I
BHEHEEAT ) #1810 mmx10 mm, R ) NEK
B 40 (BFN60805977, A= dimBl2# ): < B €00 7] 2 2K A1 s vHE 1
Pk [CMCC(B)26003, F§ it K2 AEMHIAR | Tk A4S (CaCl,,
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ORI R A R A A ) BERR &% ( NH,H,PO,).
TbE R = RS . CIREE (F ARG ); NaCl( EH 2
ezakan) ) AN (PERERFY ) RERR (B R ) ok
CWE, HGER ( BB RHEA ) PR EOE. LB N,
BRI & (R REFEREL): Cek-8 il & (H =
KA ) AT g B HL U (2260B-80-13, Tektronix H1[H )
Lhfdp (SX2-4-13, HEPOWERHEL ) AT BB (KYKY-
EM6900, b nirh BIRHY ): X S 4L AE 1 {X (630M, Bruker);
AT WG (721, BRI E ) X BFERAT
SHX (TD-3500, FHAGHEIARHY ) J5fig )51 (MIT-100,
N =FAUEE ) UK RIJRAL (UNHT, Anton Paar); fH i 3
TR AR A BEARX (Thermo); DMEM }iR%E. a4k
.75 (Gibco).
14 7k
1.4.1 CaPYUHEMIFIE FIEHE A& M 25 1 (Ca™ ¥R FE
pH {8 ), > FH 3 52 ¥ 1 2 AN 1A Ca™ ¥R % N ¥ CaP YL & pH
8 29, #4100 mmol/L NaCl. 0.2-50 mmol/L CaCl,. 0.2-
50 mmol/L NH,H,PO, [ RHIEHAE N HLffi, FHr Ca/P EE/R
Eb [ %€ A 1.67. ] 50 mmol/L NaOH i & Lk ia s, 24 H 3l
DUV Jo RS R AR, A UTUE 30 s ANV S Pl & i 5%
pH {E . R4EFTIHFE NaOH i & i 1 AR TS ca®™ IR,
FFAHRNAFH] Ca® ¥ —pH X & (B CaP JLiEil At ).
1.4.2 CaP iR JZHUTR AT 150 Hr B8R TI%I A% 4 cmx5 ecm
FES, 1% SRRk 1 min, 225 F/K P A BB 5 min
Ja T4 H. T4 5 mmol/L CaCl,s 3 mmol/L NH,H,PO,.
100 mmol/L NaCl [¥J FEfi#E, FH 50 mmol/L NaOH J& i 4% &
pH { =6.00+0.02, Kk b R i 72 BT, 20l
R E IR R A IE R, i 2.80 V HELE KR 60 min,
il 2% IR CaP IRZ ML S (1024 Ti-CaP).

NELfFE CaP (VTR RE, H RAIA N IR F AR
TEAN[A] pH A R AHXT 3 FAH A TT e HE I CaP AH [ F2 4:
WA, BEER\ES, ESEEA ] LR (S):

_[Ca T X1PO” FX[PO T
K

sp.OCP

_[Ca 1" x[OH Px[PO;
- K

b, HANFRREREIA, OCP AWERE J\45, DCPD Ni%&
PEBEAT, Koo, s Ko, ocos Kop, oeeo 703X 3 FBUAR AR TEAR
2 W Ry 2.35x10%°, 3.31x107%, 2.39x107; [PO,*]. [HPO,”] H
SRR ERIREE (3 mmol/L). & HAEANE pH {E T 1 701 R %L
A& BIEE R =AM R K, 0 fEGH TR
i+§:

POTAATR Y=

Cd" xHPQ
Sperr= K
sp.DCPD

s, Sua

Ko xKgy xKs
XK xK #1077 K x K, #1077 <K 107

107" <K, xK,,
K, xK,, + Ky #1070 x K x K, #1072 K | +10737

Hor, Koy Koy Ko AR 3 LB EHE, 7l k
7.6x10°, 6.3x10°, 4.4x10™; % FE 2% H Debye-Huckel A=,
2R
1.43 MgO-CaP I Z 1+ FR4E STk [26) FHTHA T SL 40 45

HPO? 43 4ii 555 =

R, PLOBRE N ERHE %% Mg i & 73 %073 il 4 15%, 30%,
50% [#] MgO ¥ /5. fict 3 i 50 mL 2 1 mmol/L 5k =
FHJE B ) SRV, A2 NN 2,19, 4.37, 7.12 g 41
B, 40 r/min FiEEE 2 h FEH 50 mmol/L BEER 7 4 22 pH {H 42
6.00£0.05, MLl BUIRIRIE . # Ti-CaP IR NIRRT 155,
BHPAE (Lem/s), FETH AN GHEE FREMFE 1K, M
FAT1% (40 °C, 24h) 5N R4, 5°C /min FHE % 650 C
Ja A% 4 h, IR MgO-CaP IR 24K . IZIR IR Mg &
0, K 3 IR BA8 D Ti-CaP-15Mg. Ti-CaP-30Mg il
Ti-CaP-50Mg.
144 RIZPMMERRAE A BIMEE Ti-CaP, Ti-CaP-15Mg.
Ti-CaP-30Mg A1 Ti-CaP-50Mg [ OML S, FIH X 55 2k RE 3 77
FriRZRMIcE. A X SFLATHAL (CuKa, 40 kv, 25 mA)
¥l Ti-CaP., Ti-CaP-30Mg HIWIAHERY

BB B Mg” BB R % Ti-CaP-15Mg. Ti-CaP-30Mg #il
Ti-CaP-50Mg ¥4 87 i 1 cmx1 cm, 43 RI¥EIE7E 10 mL PBS(37 °C,
pH=7.40) 1 7.d, & WIUER 50 pL I HOITFAMNAE, BRI &
Kol Mg™ B, 40 N5 R AR

FHRIL R (mg) = D (5x107 x[Mg™"])

B 1] £

RIHSCYE: K 4 mm JEERBUIN TR A4 R B AR (b
B B FE 30 mm), il 4 Ti-CaP-30Mg, #%I18 GB/T 228.1-2010
FrAE (48 MRS ), R U7 g 77 56 ML DL B
1 mm/min BEATRAHSZEG, PAAERON X IRZH, IR HT g
FE R GEMR . BRAL 3 AN TATRE. [R5 S6 4L H b PR IR FE M IRD,
%% Ti-CaP-30Mg AR ATl o

HKRIRSELE : K 5 mm AR V)L 1 cmx1 em F i,
i1 % Ti-CaP. Ti-CaP-15Mg. Ti-CaP-30Mg Al Ti-CaP-50Mg,
FH 2224208 100 pm 2R EBRERIIR S LA 2 mm/min 3 2 &)
RERE L, R LA 30 N/min 58 26 1% 7 48 0 i g, &I
JRAEK AN 2 mm™P, SEE B e FHERRER S, 0REE
A 5 R B R A VB IR R I ST o B4 3 AT RE .
145 REWIMPURERITN EIRE O A ERE . I
0.5 mL 4 ¥ {5 75 & 3K 1 )5 W 5 LB AR Br 7R VR &), W
100 pL AW AT TR AR, K AR B B TR R4 24 h J5,
PRI B VE T 4 mL R R b, 1HIR PR KR (37 C,
150 r/min) 15 7% 24 h. I8 5 0 40 B R FE A 107 CFU/mL
(650 nm WG fE =0.14)%, FLZ R A 10° CFU/mL & H .

I P R IR AT A PPN i IR SR RE T o T
Ti-CaP. Ti-CaP-15Mg. Ti-CaP-30Mg. Ti-CaP-50Mg #£ & ( 3
1 ecmx1 cm) F#HCKE (200 °C, 30 min) J5 4 BN 24 FLIR,
FLEEFh 300 pL 4 34 (0 A BRI 14 7 (10° CFU/mL), A 37 C
TR EEFRAA R . 5598 24, 48 h )5, BEALINA 2.7 mL A= EE 2L
K, BT 10 K55 BTN 15 mL 85005, B R
PA1 10 AR KR R R 10° f5 . WX 100 pL F4 R IS 1 T
AR TR, IRAT5], 37 CREFE 24 h J5 AR
HEEE, IPHPER. DA 2 LSO A, [
R R 3 A TATRE.
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o B2 T P4 i e i S A B v R
of HR 2 P35 i VR 4

VLB = x100%

146 RIZMMPEVEHY EOUNR S, BN 10 mL &
LM 1000 r/min 8.0 5 min, FE EIEW: A 2 mL DMEM
SEATEEIRIE (SRR 10% R IIE . 1% XL ) JEWKAT,
BN 3 mLiZd5 7R3, WITIRE]; K4l fs 2 40 s 730
HREFR (37 °C, 95% WS, AARR 32 5%C0,), #F 2 d #il— K.
FEAIMALAR, BUE 2 UM T R8s .

¥ Ti( % BE 41 ). Ti-CaP. Ti-CaP-15Mg. Ti-CaP-30Mg.
Ti-CaP-50Mg £/ (1 cmx1 cm) T-#GK T (200 °C, 30 min) J5
JBON 24 FLBR, BEFLEERN 1 mL /S BSR40 B (2x10° / 4L ),
f2dBmW—k. W1, 3, 5, 7d, WAL, Il
A 100 pL CCK-8 ¥ i, W% & 2 h J5 & fL W X 100 pL, W &
450 nm WOGEEE, THREMRAE R S H4AMMA 2 mL
DMEM @%?Hﬂﬂ@ﬁ’\]ﬂ*}%o N

HE4% GB/T 16886.5-2017 #ifk ( BRIT #H kA=W FVEA ),
IMIAFIE R = 0.7 N MR

N T R ER L R S IR A RIS R, # Ti-CaP-15Mg.
Ti-CaP-30Mg. Ti-CaP-50Mg 73 lliZ i1 7E. 2 mL DMEM K5+,
BN I RS AR ER (37 °C, 95% JRE, 1A% 5%C0,)
1, 3, 5, 7d, i TSR MR,
1.5 T EBUERARAT B HIERAL R BE . o 1k Al A M 7 1
1.6 itF 44t FIH SPSS 17.0 AT SiH 5047, KA
t Kr B 73 At P AL TR) B 22 e, SR FH BRI R U7 22 70 A A SNK A
AT 2 A ZE R, P<0.05S AAZERH BEMNE L.
G T E AW ERR B E A G R
HiZ.

x100%

2 458 Results
2.1 CaP ATk CaP Ylici it Mhizk (& 1A) RFAA
Al Ca® ¥R FE N R A UUUE I ¥ pH {H, 1% 7t pH {HBE Ca™ ik
FE TR R B 24 Ca®< 2 mmol/L i i 28 BEIY, (H R} K bE
Ca’ WKPE L TFITIZH T 24 Ca® > 30 mmol/L, HiZk T2z,
Z0 M 2 AR AR I S MR B, BV WA (pH
. Ca* IREE) /N 2 X AR AR 4k B0y
HUARRSL Z R AEDTUE s SRR AL TN DL, (A
Az 2 (R ES TR s TR B AVEAC T I S i A g ),
FRVRAE B I B N R AR DTE s 24 H AR VR pH E I (K T Ui i
S (B FAUR TR ER ), FARVRTE B B (A R AE DU -
MG Z M 28, A BRI TR R R R R AL T T
UL, AH R B FE Y BE A AR S B R TE, ER
VFBA BRI NE 7= 26 1 J3 35 pH B b T I 0 2% AR B iR 00 7t
UbAh, % ca® WKEE < 2 mmol/L, JTHEIAARIRK, BN
Ca” VR EEARAL 23 51 A2 I Wi CaP PivE pH {H &R Ak, %o
H TR R e e AN RIS . DR, St i 3 el AR 0IR B
5 mmol/L CaCl,» 3 mmol/L NH,H,PO,. Sz 4k 5tk Wl 4%

4666 | DERRTIZHAR | 5528% | 55298 | 20245108

fif VR pH A PEPTVE AL F < 0.20 B, HLARIR 23 7E 100 min Py i
BLUTUE (B 1B); 2 HL AR pH (K T I0E 14 A i (40 pH B
PRI S > 1.00), FLMERRAEBCICINE] (> 20 h) AN AAETTE . I,
U pH ELE$E 0 6.00( B 1A 7 3koR )

A 12 B 1400
precipitation pH (6.8)

1200

10 = 1000
o £

T = 800

8 Z 600
IS st

- 12 400

6] = 200

electrolyte 0

0 10 200 30 40 50 5.7 6.0 6.3 6.6 6.9

BT (mmol/L) pH fH

Kl vE: AR Ca/P Ut UE 14 5t i £k (Ca/P JBE /R Lk =1.67); B 4 i fif W
(5 mmol/L CaCl,, 3 mmol/L NH,H,PO,, 100 mmol/L NaCl) ZEA[A] pH 1H T
RAEDUTE RIS (8] o

1| CaP iR R sk SR pH E T & ETUERIATE
Figure 1 | Calcium phosphate precipitation boundary curve and time
to precipitate formation in the electrolyte selected when it was initially
adjusted to different pH values

2.2 CaP R B W iifritAz & idhb e B Fo B BRAR A B AL
2A Jyil ST AR I S 56 BT % L ARRTE pH (B AR AL ( H YA
SR E AR, AT ILTE pH {A 6.00-6.70 [X [i] HL AR
KB BER )\ 5. FREBEACH Y R, Hil i
J¥ (log S) kvt m. & 2B W rit ST A A pH {E N BERIR
ST AT R, T TR MR O, BEIRIR B TR
H,PO, « HPO,” JEAZAE, i PO, MIAFETE L < 0.5%, ixuk
g PR TR FE  CaP AH T B TT BE 52 #4772 A &5 i i
RILFE M

12 14
pH {f

pH {f
Bl A g S A ide URRIRZE AN [F) pH (B R XS 3 Pl I8 405 A 14 1 YA
B BRI B T A B 2k, HA: $R3Lml k47, OCP: iR )\ 45,
DCPD: & A .
2 | CaP pERMAEIEFILIGRE BRI HLL
Figure 2 | Supersaturation of the electrolyte used for calcium phosphate
phases and distribution changes of phosphate species

2.3 REMALM R RAELE R

23.1 HWERHR. oS F# RS N A Ti-CaP ik
R, 58 2-4 pum,  J§ 0.1-0.5 pm ¥ Fr R A4 HEAL 4
YIS E a5, SRR 2-5 um FLBR (B 3A). 2R IR)E,
Ti-CaP-15Mg 1] I, MgO i 5 4 i 41 (2-5 um) 434 T s 14
[EFLER AT, 42 40% dh A TR FLER ( [E] 3B). Ti-CaP-30Mg i
MgO 25 R (A5, PIHL R A Lz, 4 FLER Eh ] > 70%(
3C). Ti-CaP-50Mg 1 MgO K F % 4 78 55 7F CaP K T, MgO
FE] RSN E AR 3-5 um (W EJEFLIA, T E0nr 1L Mgo
JZ R ) CaP & {4k (& 3D).
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BE: A-D 43 iA Ti-CaP.
Ti-CaP-15Mg. Ti-CaP-30Mg.
Ti-CaP-50Mg. Hi i 1 7£
LR T 2% H EH O IR B IR
J\AT SR AR HERRZE R 22 5L
CaP &2, 4B - Bk
AEFRJE, MgO i SR AL IH
e TR )\ AR 1 1R B
I H 4 70 7% ¥ Bl MgO &
SR B

=
B3 | &Sk () HREE R (S

Figure 3 | Surface micromorphology of titanium (Ti) sheets in each group
(scanning electron microscope)

X 5t 28 68 1% 4> M & B, Ti-CaP b B Cay PRI O T
% FF iF W, AH £ T Ti-CaP, Ti-CaP-15Mg. Ti-CaP-30Mg #lI
Ti-CaP-50 Mg H1[% iR Je &AMk I Mg I HRfEIE, H AR
Yo U i BE VR BRI Mg 5 2 B 3G i 4 = ( [E] 4).

o Mg PAu Ca Ti . §
1 1 ni-capsoug P ¥E: Ti-CaP o i F Ca.
. P O JG K HFAE g MK
E A S N TGN TiCaP, Ti-CaP-15Mg.
2l M A ey Ti-CaP-30Mg fil Ti-CaP-50Mg
PR IR JC & ANE H B Mg
ol N mes | RN, ELHAE R 0
A ; BER I8 Mg 57 & 4 4
Mo f\,,J' o
SEyIINTITR: A=
0 1 2 3 4 5 6
A (kev)

4 | FLBEK (Ti) |y X GLkAELE
Figure 4 | Energy dispersive X-ray spectra of titanium (Ti) sheets in each
group

X 28 7 5 3 (B 5) o, Ti-CaP 7F 4.58°, 15.98°%,
26.08° W ILAT I, Hrb TN O BERR SRR . T
TR )\ A5 Rl J2 1 K A 73 U 7E 25.95°, 25.87° A7 1EfT 4 1%,
DAl 1 26.08° Ab AT S e Mk LA ) o g ol IR )\ 05 B R i K A
Ti-CaP-30Mg 7F 31.82°, 35.08° 4} ¥l MgO ¥ fi7 & W&, &
26.06° H IR )\ 45 80R B A ATS I . {HY Ti-CaP X
Lk, Ti-CaP-30Mg 7E 4.58° [RIfiT 4T AT I 2% .

K . Ti-CaP ff 4.58°,

15.98°, 26.08° 1 I fif Hf
U, b T R R\
5 (OCP) [FHFAEVE; Ti-CaP-
30Mg 7f 31.82°, 35.08°
L MgOo 1 AT 5 g, TR
26.06° HHLBERR )\ 55 Bl F5
T A A0 (HA) BT 5 e, (H
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Figure 5 | X-ray diffraction pattern of titanium (Ti) sheets in each group
232 HHREMAMEE TR Ti-CaP-15Mg, Ti-CaP-30Mg
Fil Ti-CaP-50Mg 7E55 1 KI5 HI DL Mg™ PRIHBERL, Bl 47
R HOHFEIZ WS, B 3 RIFIR Mg™ B CE R  2 F %,
Far L, 5 7 RKAOATRI T8 Mg™ Bl (B 6).
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Figure 6 | Mg* release from coating of titanium (Ti) sheets in each group
2.3.3 4k 5 Ti-CaP-30Mg [WhzfiiPERE 44Ky Hil Ti-CaP-30Mg
T A S 06 BT - A % 2k WL 7. 4EEK I Ti-CaP-30Mg [
JE IR 58 B 43 59 N (394.521.0) MPa A1l (377.6%6.5) MPa, #i4i
53 & 43 5 O (475.3+15.1) MPa fll (468.3+7.6) MPa, K
2379 0.2740.02 F1 0.2840.03, £H 1] Lh 45 2 T 34 0 o 25 1k
% Y (P=0.43, P=0.11, P=0.41). Wi#fl/ii 4 #4575 & GB/T
3631-2022 hrif (BR ARG MM ) EOR, SR PE T BRI
TR A B A S R RSN 2 R R R

500

400- B7 | 4 & TMH M
Ti-CaP-30Mg # fi 52 3 £
for - [ #Ehz%

Figure 7 | Load
displacement curves of

1 7T . . .
100 —T:-CaP-SOMg pure titanium (Ti) sheet and
0 . . . . . Ti-CaP-30Mg in tensile test
0 2 4 6 8 10
{7 4% (mm)

234 WERAEM B 8 LR Ti-CaP-30Mg XIJJR S 46 14X
XK Mg B, Ti-CaP. Ti-CaP-15Mg. Ti-CaP-30Mg. Ti-CaP-50Mg
(9 11 L 4 i 43 )M (4.3240.39), (4.08+0.19), (3.99+0.56),
(4.19+0.32) N, 4 # [ b 7 5 o i 3 1 = 3L (P> 0.05),

25

20-filisen s
[E 8 | Ti-CaP-30Mg #¥ f
= 15 N N
=~ KRB R
ﬁ 10 Figure 8 | Scratch test
1 A results of Ti-CaP-30Mg
> sample
0+ ; . . ‘
0 0.5 1.0 15 2.0
ATHE (mm)

2.4 REARSNAEMAEIPMER  BEIRAFII R G 5 4R
BRI EE S, WE 9A. }EFE 24 h 5B BRI
Y% ¥ £ #) /b . Ti=Ti-CaP > Ti-CaP-15Mg > Ti-CaP-30Mg >
Ti-CaP-50Mg. 4l K 41 (1) Bt i #2423 0, Ti-CaP ZH (W HL 1 %N
(1L7+1.2)%, VLEATCHURVERE: M 3 NMEAWREHIIPIREZRY >
0.85, FH.B#H = ¥R Mg Jit & 43 B 3 onimi -, & 9B.
Ti-CaP-15Mg 4. Ti-CaP-30Mg 4. Ti-CaP-50Mg 419 i K K T4l
K 4. Ti-CaP(P 3%) < 0.05); #H Lk Ti-CaP-15Mg 4, Ti-CaP-30Mg
HPUHE = [T+ 5.7%(P=0.01); AHLL Ti-CaP-30Mg 41, Ti-CaP-50Mg
HPLEF LT 3.3%, (HZEF R E MR L (P=0.10).

Chinese Journal of Tissue Engineering Research | Vol 28 | No.29 | October 2024 | 4667



@7z TEREATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

MAEE

9% 48 h J5, 4ligk. Ti-CaP 3SR LHi g tERE, T3 4
LR EHMPIE R > 0.85, HEEIZIRTR Mg JFi &4 5
Hsgnm _EFr, WK 9B, Ti-CaP-15Mg #H. Ti-CaP-30Mg 4 .
Ti-CaP-50Mg 4 1 1 % K T 4li4k 4. Ti-CaP(P ) < 0.05); #HEL
Ti-CaP-15Mg 41, Ti-CaP-30Mg 41 $i i % L7t 11.1%(P < 0.01);
Hi Lt Ti-CaP-30Mg 4, Ti-CaP-50Mg #1 Hii i % b T} 2.1%, {H
ZR LR E M E X (P=0.63),

A X HRZH Ti-CaP  Ti-CaP-15Mg  Ti-CaP-30Mg  Ti-CaP-50Mg
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W TERIBIL; B oS ALREMBTIE S, "P<0.05.
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Figure 9 | Antibacterial properties of titanium (Ti) sheets in each group
2.5 REmMicEMEEER FAFER SN RRCE g s
7% Ja 1) CCK-8 Rl &5 K, WE 10, J:#57E 1d, 2ligk4i
Ti-CaP ZH4HMIAFIG R >0.95, 3 NE AR EHMIVAITF A 0.46-
0.49, HBHIZIRIK Mg Jii & 4340138 inimi N F#, Ti-CaP-15Mg 2H
Ti-CaP-30Mg 41 Fil Ti-CaP-50Mg ZH 2 Jfd 47 i 28 K T 4l £k 4.
Ti-CaP I3 25k 40 (P 39 < 0.05). L8532 3 d, kg it
B 1d —8, HE3NEERZHMLILEIE 1 d WA RAAF
ORI LJF. R 5d, 3ANEAIREAAIEAFE R L
T, Hrp Ti-CaP-15Mg i1k 0.88, Ti-CaP-50Mg #13% 0.72,
5 20 [ 4 I A7 36 H LL i = S o i 3 R L (P > 0.05), JLEEF:
7d, 3NEEREHMMAFERE T 0.89-0.97, 5 H[H4H
HAF 5 R L 2 e 3 PR (P> 0.05),

150

-

o
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|
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Bl M2 AR ARE GB/T 16886.5-2017 i€ 1) T 4H I £ 1 I . °P < 0.05.
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Figure 10 | Survival rate of mouse osteoblasts on titanium surface of each
group
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11 7y 3 HE G IRZ £ DMEM FEFR 123 1-7 d
JE ARG . BRI 1R, IRET MgO H %
FRAG e A s IRIEH 3 R, MgO i/, HTRWERYY
mATFIR R ER . BIEE 5 R, MgO (X HH I ZEBEBR A & 4% 1) B
T, IESKERJZ T MgO & R BEIR I N A SE A T2 o

A B c 5
: -’W‘ﬁ ?;FS: “’% BT Lo 20T S R
‘\;,5‘5

e - ?&0‘.‘.~ DAy el

BIzE: A-D 230l 9 hiifiss 1, 3, 5, 7R, BAERIBNWAEK, &
JZE i Mg B IR

11 | Ti-CaP-50Mg 7£ DMEM 155 £ iR E RIS (B IER )
Figure 11 | Microscopic morphology of Ti-CaP-50Mg after soaking in

DMEM (scanning electron microscopy)

3 §1if Discussion

YERAE N AR B 2 T R AR AT AR S, ALFE HT Bk 4
FILJR, XL B BRI HY R EEFRAS, OH Wk
Tto pH{ETHE SRR+ H,PO, . HPO,” it 2: H 7] PO, #%
b, 3 RERF T CaP I FNTE B b AA,  FRUTARTEER B 3R T
TEPURE R, BEE IR )24 K T o B S A L J) 351 5 r M D
55, WREAKIRGE: MR RIRZEBURZEEAL, RfkTh
P55 IR SN AR O i, R R T AR X R, X A7 e A5t
VE FHAEAS IR CaP IR 2 15T .

FR A 2 2R, e vk S5 i H AR VR pH {EIA 2 6.70
A CaP Ao (HIRE I BIRERR )\ 55, REEBEK A 2R
FEAETCVEE, RAEDUEES A, X3RRI 1% B A%
RIS 52 20 775 ( 25 dmid 6 ) A5 (I HRTE ) DR 3R 5o
T HE B FR AR 25 1 10 0 A R A 28, 76 pH=7.0 FflE HPO,” )
AR B 1Y 40%, i PO, IAILLHI < 0.5%, 7E I pH {H
X6, BRI PR R 51 PO, OH IR FEIIIRAK,
Hp - A K2R, Rz, HTBR/\SMHRAE T
N HPO” . PO, Fort HPO,™ [0 AT R AR, IR %ot ol
J\E S R R R R AR XS B8N e BeAh, B F HPO,™ [0 A &
BOK, BT B 26 B 52 BRI A0S, AH H ik P A B (4
J1EWREN T ) Fe/lS, R AT BEAN T 5 R A% B 75 1 g
DE ROON £ B9 Fij i 52 41 /3 AR BI04l CaP AT K pH fH
JEE, RIUBEER )\ FSIE K pH B N 6.0-7.0, BIEREIK A
7E pH > 7.4 WK, BAGHEATE pH < 5.5 BT pL. BROWN™!
RIVBERR )\ 516N E R 2 —Refa SRR 4T 40 k. JEONG
S B ROR I, BERR )\ 5B R B AR R B A BRI R
BRAGEG, RIS\ EA RIFM&E & S0

BRI BREE w2 MR BUR . 15 pe I 7 Ho
THAE [ EE 7y B33, SPIRANDELI 2% B Fi| Fil B M B B VA IR 15
T2 AL B BEIR = SCHE, B SR RSN A A AN R
WM. PRI IS R R X RIS A HTIESE, R
bR S5 I VS N B IR U 2 el i R 4 i AL i MgO, I HLv]
T I SO VA RV FEE R U Bk A 1 MO fhi gl B 4 6 gk
MgO iFZ i), BEHIRZEREE2HMAL, HIb R feE—T
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PR Y253k MgO.  RIlJR S 56 &5 L 5B 75 51 N MgO i It A 3547
T2, JE B EUE S SUIUKI 25 B 55 i e i R i I 45
WEHEIT . IKSEE T MO ¥ & REFE M IR 2 IR L3847 (1)
R M AE A%, (ARl EE S MgO FIl CaP 2 [ I4E & Re 1 %,
i —L . B HBIRIBIE CaP IR EH L ThRE 7L
b Bk MgO Ab, HAh bR AT @ I R R 1B I CaP i
ZHER, AR, T H AR, AR TR I
AR URLNT 4N B A2 A7 B BRI, 41 DONG 45 B A1 LIy 45 &7
HIB LK Mg(OH), 0k 38 it 4 40 1 N A 25 L R AU .
TSEE & I B AR BT, MeO BE 7 B 32 508 i /K AR ik 44
K Mg(OH), FURL 4 40 BRI 48N 5 AR JE4N B 75 Bt — B 7E . ik
Ab, S50 MgO JIRL < 500 nm, 1] K AT 7T 3 E AE A R
Tk R T SRR AE vl DA VR AR B O 5 B BB A A4k B
HICKEY %5 338 7] 2 3L K F1 / SREFLIER B AP0 RL 7 4
K MgO ki i 25 $E a1 3R HI B P 1) B e ) 6 B 194,
5 MgO 55 1 % 45 B s 5l ik J2 52 6 6 L 2B 4 Ve R I 52 e
R EIRIE, % RGHTT.

X BHERATI 45 R EoR, RIZ4&5T 650 C AN 5 BER /\ 45
MIRTSTIETE 2K, X RN B )\ A5 R A Fae, 16
T 2 S KA B B K . BARNES 25 1O 3 8 IR
J\ESTE 300 °C LA 5640 R HE i KA

1Ak 24, 48 h LR LI LS R EIR, CaP-Mgo A IR)Z
B RIFMPURETERE, XA FFEMANTFAREVIEN B (24 h
PN ) R BEZ0 B T3 2 2 T (A0 5 38 S LT A P . CA 25 1
IR MgO (1) E BT B WL ) 455 7 A 3 M A % MgO 541 B 2
) B Ao LSS b MgO-CaP &2 5 IR 2 T TR ML 1 1
NiEdE, Tit—2 ARG

IRAME LG4 R E R, MgO-CaP B A IRZMPIH RN
87%-98%. HE %5 " HF 57 & I 8 mg/mL 44K MgO FikifE 4 h
P 58 42 K% 10°-10° CFU/mL K i A B A1 b TR, HA R
DU ME BB F LR S50 R I E S IR EM R, X HER MgO-CaP
HAEWRZ MNP ERE T RED A T T Rt (H2, Bl ZH
s Fo s A LA TERER, NIk E A REER N BT
WRES Tt — A 7L

1% G/T 16886.5-2017 Hi i, 4HIAFIGHE = 0.70 L AT
A EE M. SRR B A IRIZ/ERT 3 d R (7
TR 0.46-0.63), (HHLAVERARS S N, MEE S5 RIFUA
HERELMPENE. EERZ0VIA #5855 Mgo
FEAE R TS 9% EAk, MgO BEfAIE AL pH 7, T
fe SR Mg K ™ T 5 d JE 4B S R B AT A S MgO
B R AE R R B T A BB D O TR R I R
R RS 5 AE 0 =8 Y, DRI RT 3 o 4 ARk B R R TS
TR . LIANG %5 ™ BRI, 4% - Sha &b ees
BRI (= 2.5%) fEfRSN A A EE . T WANG 45 9 78
TR E PTER PN BE 5 R 97% IR G SR FTIZAT
ROEESAFITEENTAA . XPITHE TR R BRIk
AN A B PEAS T A P B

H % MgO A=W AH 254 (1 F 78 AH X 458 /0> . POURDANESH
S W & T RO | BERR =4S / R A /MO B A M
Bl B HEMEA RS 2 A R R REAN L B>, H -
AR ST A T UL ) B R AH A TR . JANNING 45 U9 g%
Mg(OH), T N fe & #E, 4 J J5 WL %2 21 3 B & R A v 1 0
T (RERMWF ARG ), 6 FFS5HRARE. Uik
AKH, SE8EadliNBEFEYMEEME, MEEaen
JE kA Mg(OH),, #2271k Mg(OH), LA % 4 . WITTE 25 1
B AMARESESHENKR IS, 6-18 A F R ILEHE A H
I P b e, H =i, XU 5T R MgO-CaP

GRIERA RIF AR,

VR S0 ) FH R e i MgO S LAY CaP iR Z2 &
B, MRANSEIGRIZIR R B A RAF 1P A YA R
SEUG R IR R E ) 2 7T AR R G AT, B BT NG PR R A1 5
HE GWREEARIMEAEVIHMREY, I+ HHEDREILE A&
WHLETERE MR, FRE—DHIA.

1EH Tk BT, F—RIAFERET, FEFEEDFRA. Lk
FooAfEE, FRIPEASE. AEA, THHCEARR, BRA, E
RARL, BT, F—RFAR.

FIEHR: X Fe)e3tEd Ao, ERAMRFLTRE TLT R
HEA B R,

FRHRERAERR: iR — I AR, AR4E (iR 3k FAFT 00
“EH - AW ALMALR - AR 5 X F 4.07 £k, ESEIINGHERLT,
ATFAVLIE T A B 69K T RN ki, BT &, B AT
FTR P R, FH. BN, Hd. 3790, k. BEEEIZK, T4
2 F RG], AR 0 NSRRI T AT AR A IR,

BRAREELE: X R ARAT A A 5 S A3 A T U MRS AP

HERSE: ZXFREETTEREFZHIHEER L (EAFR
FI5REFEFHTAHE LR LGIRFENL) . IFhmaTegidd
R B 5 X kAN A T3 REE, LFLDRTIF ERREIF,
BT IFBOAA X EH S FILAEE.

4 =# ik References

[1] KUMAR ST, DEVI SP, KRITHIKA C, et al. Review of metallic biomaterials
in dental applications. J Pharm Bioallied Sci. 2020;12(Suppl 1):514.

[2]  ALVAND A, REZAPOOR M, PARVIZI J. The role of biomarkers for the
diagnosis of implant-related infections in orthopaedics and trauma.
Adv Exp Med Biol. 2017;971:69-79.

[3] NANA A, NELSON SB, MCLAREN A, et al. What’s new in musculoskeletal
infection: update on biofilms. J Bone Joint Surg Am. 2016;98(14):
1226-1234.

[4] DONLAN RM. Biofilms: microbial life on surfaces. Emerg Infect Dis.
2002;8(9):881.

[5] NARAYANAN R, SESHADRI SK, KWON TY, et al.Calcium phosphate-
based coatings on titanium and its alloys. J Biomed Mater Res B Appl
Biomater. 2008;85(1):279-299.

[6]  SUN L, BERNDT CC, GROSS KA, et al. Material fundamentals and clinical
performance of plasma-sprayed hydroxyapatite coatings: a review. J
Biomed Mater Res. 2001;58(5):570-592.

[7] HAMAGAMI J, ATO Y, KANAMURA K. Fabrication of highly ordered
macroporous apatite coating onto titanium by electrophoretic
deposition method. Solid State lon. 2004;172(1-4):331-334.

[8] LOPEZ-HEREDIA MA, WEISS P, LAYROLLE P. An electrodeposition
method of calcium phosphate coatings on titanium alloy. J Mater Sci
Mater Med. 2007;18:381-390.

Chinese Journal of Tissue Engineering Research | Vol 28 | No.29 | October 2024 | 4669



@7z

PEERTIZHR

www.CITER.com Chinese Journal of Tissue Engineering Research

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

(26]

(27]

(28]

(29]

(30]

KNUDSEN MB, THILLEMANN JK, JARGENSEN PB, et al. Electrochemically
applied hydroxyapatite on the cementless porous surface of Bi-Metric
stems reduces early migration and has a lasting effect: an efficacy trial
of a randomized five-year follow-up radiostereometric study. Bone Joint
1. 2022;104(6):647-656.

KARLOV AV, KHLUSOV IA, PONTAK VA, et al. Adhesion of Staphylococcus
aureus to implants with different physicochemical characteristics. Bull
Exp Biol Med. 2002;134:277-280.

VOGELY HC, OOSTERBQOS CJM, PUTS EWA, et al. Effects of
hydroxyapatite coating on Ti-6 Al-4V implant-site infection in a rabbit
tibial model. J Orthop Res. 2000;18(3):485-493.

LAZARINIS S, MAKELA KT, ESKELINEN A, et al. Does hydroxyapatite
coating of uncemented cups improve long-term survival? An analysis
of 28,605 primary total hip arthroplasty procedures from the Nordic
Arthroplasty Register Association (NARA). Osteoarthritis Cartilage.
2017;25(12):1980-1987.

ALTOMARE L, VISAI L, BLOISE N, et al. Electrochemically deposited
gentamicin-loaded calcium phosphate coatings for bone tissue
integration. Int J Artif Organs. 2012;35(10):876-883.

KOSE N, OTUZBIR A, PEKSEN C, et al. A silver ion-doped calcium
phosphate-based ceramic nanopowder-coated prosthesis increased
infection resistance. Clin Orthop Relat Res. 2013;471:2532-2539.
PIERRE C, BERTRAND G, PAVY |, et al. Antibacterial Electrodeposited
Copper-Doped Calcium Phosphate Coatings for Dental Implants. J Funct
Biomater. 2022;14(1):20.

CHEN Z, MENG H, XING G, et al. Acute toxicological effects of copper
nanoparticles in vivo. Toxicol Lett. 2006;163(2):109-120.

VORMANN J. Magnesium: nutrition and metabolism. Mol Aspects Med.
2003;24(1-3):27-37.

ARANCIBIA-HERNANDEZA YL, HERNANDEZ-CRUZA EY, PEDRAZA-
CHAVERRIA J. Magnesium (Mg2+) Deficiency, Not Well-Recognized
Non-Infectious Pandemic: Origin and Consequence of Chronic
Inflammatory and Oxidative Stress-Associated Diseases. Cell Physiol
Biochem. 2023;57(51):1-23.

i ERIEEERORSHRANE [C// TEERF MBI CRE
Feorer  MEE R RMETRETE T S IERS W RN
MRTRE TR T2 R REWCE )P E ,2014:164.

PATEL MK, ZAFARYAB M, RIZVI M, et al. Antibacterial and cytotoxic
effect of magnesium oxide nanoparticles on bacterial and human cells.
J Nanoeng Nanomfg. 2013;3(2):162-166.

SAWAI J, KOJIMA H, IGARASHI H, et al. Antibacterial characteristics of
magnesium oxide powder. World J Microbiol Biotechnol. 2000;16:187-194.
BHATTACHARYA P, DEY A, NEOGI S. An insight into the mechanism of
antibacterial activity by magnesium oxide nanoparticles. ] Mater Chem
B. 2021;9(26):5329-5339.

COELHO CC, ARAUJO R, QUADROS PA, et al. Antibacterial bone
substitute of hydroxyapatite and magnesium oxide to prevent dental
and orthopaedic infections. Mater Sci Eng C Mater Biol Appl. 2019;97:
529-538.

AR, 00, BT, &% L B RHELN SR AT RLR T i A 2 ) % IR
VR TV WL 7T (0], PEBEE 5% ,2023,35(8):1110-1116,1121.
WBURE: . A HT i (M6 i . dbat - 5 0E Hihi ,2016.
RAMANUJAM K, SUNDRARAJAN M. Antibacterial effects of
biosynthesized MgO nanoparticles using ethanolic fruit extract of
Emblica officinalis. J Photochem Photobiol B. 2014;141:296-300.
BH, MRR R0, & RIRVEDIGE TIAIN iR 2 456 20 1w
7). FRFA ,2013,42(5):107-111.

P, WA, DAL, & RSN - WIS B DG AR S 41 R
PRV RS ). Hh E 2 obrifE ,2014(2):120-121.

YADAV P, SAXENA KK. Effect of heat-treatment on microstructure and
mechanical properties of Ti alloys: An overview. Mater Today Proc.
2020;26:2546-2557.

DE ROOIJ JF, HEUGHEBAERT JC, NANCOLLAS GH. A pH study of calcium
phosphate seeded precipitation. J Colloid Interface Sci. 1984;100(2):
350-358.

4670 | DERRTIZHAR | 5528% | 55298 | 20245108

131]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

BROWN WE. Crystallographic and chemical relations between
octacalcium phosphate and hydroxyapatite. Nature. 1962;196:
1050-1055.

JEONG CH, KIM J, KIM HS, et al. Acceleration of bone formation by
octacalcium phosphate composite in a rat tibia critical-sized defect. J
Orthop Translat. 2022;37:100-112.

JIN H, JIA D, YANG Z, et al. Fabrication and properties of embedded
dense coating on direct ink writing Si2N20 porous ceramics. Surf Coat
Technol. 2020;394:125801.

SPIRANDELI BR, RIBAS RG, AMARALSS, et al. Incorporation of 4555
bioglass via sol-gel in B-TCP scaffolds: Bioactivity and antimicrobial
activity evaluation. Mater Sci Eng C Mater Biol Appl. 2021;131:112453.
SUZUKI O, SHIWAKU Y, HAMAI R. Octacalcium phosphate bone
substitute materials: Comparison between properties of biomaterials
and other calcium phosphate materials. Dent Mater J. 2020;39(2):
187-199.

DONG C, HE G, ZHENG W, et al. Study on antibacterial mechanism of
Mg (OH) 2 nanoparticles. Mater Lett. 2014;134:286-289.

LIV Y, LIUY, LI X, et al. Fabrication and research of Mg (OH) 2/PCL/PVP
nanofiber membranes loaded by antibacterial and biosafe Mg (OH) 2
nanoparticles. Polym Test. 2022;112:107635.

LORD MS, FOSS M, BESENBACHER F. Influence of nanoscale surface
topography on protein adsorption and cellular response. Nano Today.
2010;5(1):66-78.

HICKEY DJ, ERCAN B, SUN L, et al. Adding MgO nanoparticles to
hydroxyapatite—PLLA nanocomposites for improved bone tissue
engineering applications. Acta Biomater. 2015;14:175-184.

BARNES D, JOHNSON S, SNELL R, et al. Using scratch testing to measure
the adhesion strength of calcium phosphate coatings applied to poly
(carbonate urethane) substrates. ] Mech Behav Biomed Mater. 2012;6:
128-138.

CAL'Y, LI C, WU D, et al. Highly active MgO nanoparticles for
simultaneous bacterial inactivation and heavy metal removal from
aqueous solution. Chem EngJ. 2017;312:158-166.

HEY, INGUDAM S, REED S, et al. Study on the mechanism of
antibacterial action of magnesium oxide nanoparticles against
foodborne pathogens. J Nanobiotechnol. 2016;14:1-9.

NAKAMURA T, NAGURO |, ICHIJO H. Iron homeostasis and iron-
regulated ROS in cell death, senescence and human diseases. Biochim
Biophys Acta Gen Subj. 2019;1863(9):1398-1409.

BUCKLEY RRE, MORAN CG, APIVATTHAKAKUL T. #7787 #) AO Ji
WML S, XUBE , SFEE, G0 3R . Lilg  BIBRPEROR AR
#t,2019:14-15.

LIANG L, HUANG Q, WU H, et al. Stimulation of in vitro and in vivo
osteogenesis by Ti-Mg alloys with the sustained-release function of
magnesium ions. Colloids Surf B Biointerfaces. 2021;197:111360.
WANG Y, LIANG W, LIU X, et al. Osteogenesis and degradation
behavior of magnesium alloy plate in vivo. Eur J Inflamm. 2021;19:
20587392211034078.

POURDANESH F, JEBALI A, HEKMATIMOGHADDAM S, et al. In vitro and
in vivo evaluation of a new nanocomposite, containing high density
polyethylene, tricalcium phosphate, hydroxyapatite, and magnesium
oxide nanoparticles. Mater Sci Eng C Mater Biol Appl. 2014;40:
382-388.

JANNING C, WILLBOLD E, VOGT C, et al. Magnesium hydroxide
temporarily enhancing osteoblast activity and decreasing the osteoclast
number in peri-implant bone remodelling. Acta Biomater. 2010;6(5):
1861-1868.

WITTE F, KAESE V, HAFERKAMP H, et al. In vivo corrosion of four
magnesium alloys and the associated bone response. Biomaterials.
2005;26(17):3557-3563.

( FATgak%: GW, ZN, QY, Y))



