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Abstract

Porous titanium alloys, as bioinert materials, lack effective bioactive components on their surfaces,
resulting in insufficient osseointegration. Surface modification is an effective strategy to enhance
their osseointegration. Magnesium, an essential trace element in the human body, can significantly
promote osteogenesis through its ions. However, pure magnesium suffers from poor corrosion re-
sistance and low mechanical strength, limiting its application. Modifying the surface of porous
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titanium alloys with magnesium in the form of a coating can combine the advantages of both mate-
rials, yet systematic reports on related clinical applications are currently lacking. This article re-
views the research progress on magnesium-coated porous titanium alloy orthopedic implants, fo-
cusing on their potential to enhance osseointegration, promote angiogenesis, and reduce infection
risk. It also analyzes their safety and preparation processes, aiming to provide theoretical support
for clinical translation.

Keywords

Magnesium Coating, Osseointegration, Porous Titanium Alloy, Bioactivity

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

FEE RO, PUBCRBUE ShEIE R — B IR PR T I B B Bk BRI AR R A T T
MIED, AMEALEST SRR IR RIE T RO I H 28 2, el g 3D 4T NSRBI HIE MEL 2 5L
e BASRME TR . BARE RIS, eSS, LR E RN RMEL] [2].
N T BPIR— 8, FEFETHRIR R SR IS EEOR, DR S ke B H SRE ). B8 7 rE i
FERCE A A B A R e B E, (E A3 [4]. SRT, SEBCHE AR PR R R )2k
BEA A AE L ELIE N o R B iR R & e R T, REREOR B Bk s hafe sy, SRR ¥ AW 1
BN BRI S . ARG HZBOR B T77% . EVhRe . 2t Rm RN R, B Ak
W AR AT 17 -

2. ATHIEFREEHFNSILUNEETE

Z AR A SRR Z W& TR A= PEEM. (HEIHFNRA B, YB3 8
5 WD, JIEWTHR. AR T4 (Vacuum Plasma Spraying, VPS). B TR K RE FIEAN. IR
S WEME S BERRL m R R R TR, TR RCHTRE 1) 2 FLEE M, Refg s nRIRDRIRE R, (H AT BEdk B wiid
WURE[5] o« AT IR K BEAL S (1 Mg(OH)2 1R 8 i It e A I iR SRR, W TR BRI /= (1~30 pm),
{AG5 G MR RUR[6]. VPS FERZFIAEL T, (I 555 A BEIE R £ (M2 SiOa) B R IBHR BER K, XMIRZ
SEA TR (415 MPa), HFE mIEERIE(7]. B PR E FiEE & 8 TR 5 T\ (Plasma Source lon
Implantation, PSH) A% &A% N\ -7 A (Plasma Immersion lon Implantation, PII), JEid &7 AOEEESS B
TUENRERT, TERAK R HEE(L0~60 nm), BERSHATEHIGRER Y, (HB&MA E[8]-[10]. RIHFFEER
TEAYNZIET MgCLE, (FEEEFUTAR BRI, M7 ER ., (BREE LR Z IR 3R 9]
[11]. 2B A BRAVEEE, KK, MK, 4 Ak (Microarc Oxidation, MAO). 451 H
fif %A 4k, (Plasma Electrolytic Oxidation, PEO). B #4 b P F SR B3 (W1 NaOH) i ZI kK T, Bl f5 il b 3
TERANKEERE, FHZBTEERS T, (HIXRE AT REFEARERAAR ) 1 A e VR [12] o FKFAKEBRAE B S B, Jiad /K
PR MO(OH). 4K &5k =, HITE SR IIRE 5] LAY S, (B3 77 A R R [13]-[17] .
MAO i id H Ak 22 A FE SRS TR AR RS BRI 2 ALEARE . ZIR)Z 455 28 5 5(30 MPa), FLBR # Al 4%
(19%~31%) [9][18] [19]. PEO 7£ & 8k LR il i 55 2 7 U AE B Mo-TIO, H &R B, TR 2 R 4514 (B
BE + ZAUR), VMBI R[] [20]. BIKTURRERIERT, H90K KA (Hydroxyapatite, HA)
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SHETIGUREEEM, XM INERAR, HREEGH (<200 nm) [21] [22]. REBIHAKAEE + &1
AL AALIRE + RIEES . KAEE + BB K R RRGUK AR, FRENBESE B T4, 1
PR GG A P R SRR INE R AN )22 RE[23] . MM LIRE + RIBIEAEERRHH &/ L T, 2, BE/E iR
T MoCL IR 7 3B T, BRI RS TR, (BRI E VE TR IR IE[24]-[26]

3. FIREBMEBILRNEENEYFERE
3.1 Rk EEE

BEVRE M B A R A AR B B TRk M AR B SR T RN A A FH DA S S SR A B R R B
[27] [28]. BEE T BEG SR 40K R 105 AR 1) R Fak AH (S S s 2 [A] (1 45 A A0 LA F et
YARZLH, BT ERK/C-Fos. PISK. Notch. £t Wnt. BMP-4 #12%(5 5l 1 TRPM7 £ (HiliE 5 S8
A9][29]. B HEE 7S5 T AN B R B R B AR I R LR R, ARl S MAPK/ERK {55
RS [30] AL Wit (553874 [29], (kB BEIR 7o i T4 b, H B IREREIE. A7,
10 mmol/L 8 & Tl i 48 1 Wint {5 538 2575 5 B A 78 0 T4 A e 704K, 177 (2.5~5.0) x 1073 mol/L @i
& MAPK/ERK 15518 #1755+ 15 8 7] 70 03 T4 B e i 4310 [29] [31]. B 13 ] 52 mm FL At 200 i 43 WA 4t R EAT 1
RE ) 78 5 AR e an, S TRRgegmi, (i H o i B AR G, MMt & T4 AR s i 4
P58 [32] X T RCE 4, BoERE RN TRPM7/PI3K 15 SiE %, {Edt4nust[33]. X1 Eman,
BER T DMgiE M1 B SRR ) M2 2 B R Ak, S0HIE 2 F TNF-ay IL-18 J2 IL-6 153, {2k
BMP-2 il TGF-p fIZik, (it FA[34]-[36]. Yao &5 Nl /K AAb i & (I AEVTE S A AL B, &0
HYPREWIRE RS T, WS BMP-4 A5 5lis, MImMERE s 1E[15]. 25 AR, 887 n] LUl
2N T, AR B TR AT BRI AN R 015 S, ek A T A G T . B P AR
3. HH TR RIR BTG RDE AR, SRR nTREAN G A, X EEE R R R

3.2. REEMEE MR

MRS IBHE FRWR, LI e B A i R e . R B B S TR (e A
SR {2k M A A K [37]. KUSUMBE 26 N R B H B M8 B B 1ML, - A 40 e B 1 SR A1
AR o 6 FEI38] . Wei 25 MK 586 B T & R £ B I%(PDA) 2R B 1E 3D 4T 1 % fLIR AT (PEEK)
SCHEFRTHT, W58 R IS ZERE TP B B - T RN B ik P9 Rz 4 il (Human Umbilical Vein Endothelial Cells,
HUVECs)+ H & Frid4) CD31 Al EMCN Hy3ik, {Edfi g £ m[39]. Gao & NHIHF K ILERIRZ
TiBAI4V SCHERE(E 3 HUVECS 3958 ZhB I0F%, AR AR 1086 81 ] Rl id Wos K15 5 1~ 1o (Hy-
poxia-Inducible Factor-1a, HIF-1a) #6330 PE, (kM8 Py i 4= [K 7 (Vascular Endothelial Growth Factor,
VEGF) Ik R A MLE A2 B/ E I [40]. XLt 5878 70 i W, BR B 1 FT LAM ML AR A, EB B A RHE
M R R ER, NRFAEIEE R M T H 71 3R

3.3. W RERMBE

BRIRZ IR RAT B IPUE . PURIERE, — R B R DURRARAR G AL s A BT L SE SR BE S T 1
FAFMIRIER IL-18. IL-6 TNF-a ik, EIHUIRIER 1L-10 SRA97IA[11] [14] [17] [20] [41]. LAT,
BN G ] & PR A DURRRR I, AT DARH LR 41 B A A MR R T 1 [42] [43] -

4. RERRWHSILREGESEANINREM
ErBRHLNPOLE (9 AR 227 AR B T AR SRR IREE, 5 AR A R R AL S A
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BEIN 2 SRERIEN . AMANKZ RIBEEE S AU, ARBCPHEL RSN R RLH 2400 Z 52
BER R /NBRILDE, e B NE BRI 95%~99%, AR BRIl IR HE A AR [44] . BRI A SR
M4 RS, fE Wang SE[A5] i BUB T £V B R B A R BUAT 40 B 100 b e BT, AT KE B0
A A S e AT R AR RS R NP B I PR A R B, RS A N FR) oA 7 0 £ 3836 9 393 18] i £ A Py T AT
S2[46] [47]. {HAZ, HRAEZ AT 1SO 10993 FAFRAE L R KR SN B 734 X 36 Be v I 50A =5 P AR A R XS
B A B B A TE R, IXFT RE 3 BUA SN AT 0 10 B iR LA — B [48]-[50]» ARSMIF FEI i FH )
BB TR TN, RIS b, Bt S SR 2 e VE . Zheng SE[S11R: i B AN 8.
HESENEVE SRR N, RO TP B, s el B A s B b A L BB
TR 2Ty, AR IR Uy A AR5 210 18 P B K B a A M R KRS o TR ER SR B 1 3D TN
MERZ UG SR E BRSOt RS BT A G MR RSt S &8, BIIZRZ BRARxT
24z, JFH Li 8 NIRRT U [S2] R LB TR JZ AR 1) 22 FLER 5 SADRHE RSN BRI 4 % A JES Tl FE PR, 4 K
Ja TR T RN R ARG e, I BAIAEN] T AEYITh R BEIR 2 AT MR B B, JF HLBCA W (R B S T
fEM.

5. lmpRR AR

HATAE D REBEIRIZ 3D FTEN Z LR &S A T IR PR AT EARY B, 13 R v 0 A O B H T I AR R4
. Li 58 AN[52RH BINE P TTEE 3D TEI 2 LRGSR Rl & 7 BA VIS IEREERE,
MC3T3-E1 (/) 5RUVR i A 40 L T 40 L) 40 1 e &1 25 PR RS LAY 2 6 B, BRI Z M 3D 4TENZ 4L
TiBAIAV CHEEA RAF I BEMERIAE YA A . I S0 R BLCEAE N S i B R AR 4 JA RN 8 J 5 ml i i
BEE A, BA B2 LS S HE I RCE RS A . Gao % A [4011 FER E &1 3D #TENZ fL
TIGAIAV ZEABATHF AR, 54 3D FTEIZ 1L Ti6AIAV SCZEILE 2 M, BEIRIEBM 3D FTENZ fL
Ti6AIAV ZZ2E MC3T3-EL 4577 oT LAGE MU 3G 5 RGP 40 B 4P EE T (ECM)B 10 RN ik B T
(ALP)Ti 1 TR ARFFE R, MG R T RIS A &R, U ERFRERRM, At E B
3D FTENZ AL Ti6AIMV AR A HIF I E A M Thee, AEHTERNH.

6. B ERE

Bt 3D FTENBCARAMEMM BB KA D, B Z 2 3D STEIMER Z LSRG EMAYH &
TR PRIA YT o R A% HERIIAE L IR AW TR Z IR LR AN OL AL el 46 T2, A8 AR s %
Gy AR EACHKI BB EAPRL, 9B i B SR AU I iR T I B . A BRI 3D 4TEN 2 £LEK
B EAILE IR RS R DL v 2 09, (BTl — e Pk . AT OG T BR Z AR U A IR I PR SR AN
ZRVERARTIRA IR, K2t eI AT Zh W Se I i B, PR Rk W A S R P it 5 23—
DI RGBSR IS N P A AT S BEAL, BRERJR M & T ZE MR Hl 75 2k — 0 itk, Udem
IRZ I SIVE RIS E 1
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