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Fig.1 SEM images and EDS analysis results of different magnesium alloy samples: (a) ZQ, (b) ZQ-HT, (c) ZQ-HE, and (d) ZQ-HEP



5510 9

FRATYESE . JRIEBR A 1A S S S B 5 B B0 A S v R B e LRI

= 3701 -

Kl 2 ARG SRR W RS
Fig.2 Cross-sectional morphologies of different magnesium alloy samples: (a) ZQ, (b) ZQ-HT, (c) ZQ-HE, and (d) ZQ-HEP
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Fig.3 XRD patterns of different magnesium alloy samples
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Fig.4 Open circuit potential (a) and polarization curves (b) of ZQ and ZQ-HEP samples



+ 3702 -

Wity @A RS TR

50 3%

RN ZE R, AR FH AR AR A il 26 1) 55 55 2R 41
Hedk i 7 AFE B AL (Ego) FE TR ZE Cigorn)
ENMIRASE. W3k 1 PR, ZQ 1 ZQ-HEP F i i1
Ecorr 73991 9-1.5440.02 #1-0.3140.01 Vsce, 1M1 ] igor I
3R 1.29%10™ F1 3.75x107 Aem?. Z5HEULH], AHECT
ZQ ¥, ZQ-HEP (1) igor FEAK 129 3 MER . (ETER
(2, = o PR T2 (29%10* A em™®) P, JEH]
Ca 5l N, Ll HAIGO/Mg(OH), & &% ERIM A
BT+ 1 B4 8 i ik

BRI AL N T T EIS W&, DARREFRTT
2 FiRE S PBS W IR ATy, 45 Rl 5a~5d Ft
o B 5a HF) Nyquist BIERE, ZQ Ff 5 7E mAie FEl
Ty o Rl %, ARSI A R Iy K Bl % . T
ZQ-HEP FERTERAN, ARSI S A 1 NEER. —

PR 5 5 HL 2 RT3 1 A VST DR gy A S R el 4
EII R, TR SIRZMAAEA 6, B [F 6 1] B
5 Mg HIVEREE % ABFFH, ZQ-HEP A ¥ AR
HARIE KT ZQ FEdh, R EA = M k. sk,
AR PTRE |Z ok, R 2, & sb
f) Bode BRI LLE i, ZQ-HEP i HIZIME 2N
9.82x10° Q-em?, AT ZQ FEMK 61.39 Q-cm?. [ 5¢
SR T ARDL A 541 Bode A, 2 Fivkf S ZEAR AR B
LT AL . ZQ FE S AR AL A WA B /N T+ ZQ-HEP
FERL, R\ ARES A BRI 2R R .
DNE— 5 B RAE 2 BRI TR, A S
FELAK, 22 50 E AR R R B R b 2R I Ak 2 I
5d A& 2 FiREAL SRR . 4T ZQ BESL, R FRIE
AP, Qn RRVEM S B R Y, Ry R

F 1 2 MHESTE 37 CTH PBS AR HIBhS AR E B
Table 1 Dynamic potential polarization corrosion parameters of two samples in PBS solution at 37 °C
Sample Econ/Vsce icord A €M SdmV dec? BJmV dec™t
ZQ -1.54 +0.02 1.29%10"* 35.2120.04 -93.5240.04
ZQ-HEP -0.31+0.01 3.75%10” 250.72+17.59 463.22425.36
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Fig.5 Electrochemical impedance spectroscopies of ZQ and ZQ-HEP samples: (a) Nyquist plots, (b) Bode plots of |Z| vs frequency, (c) Bode plots of

phase angle vs frequency of the Mg alloys in PBS solution at 37 °C, and (d) electrochemical equivalent circuit model
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Table 2 Dynamic polarization corrosion parameters of two kinds of samples in PBS solution at 37 °C

Sample  R/Q-cm®  QyF ¢m? Nh RyQ-ecm?  QyF ¢m? Ng RyQ-ecm®> L/Hem? CPE/Q™s" ¢m? Ri/mQ-cm’
ZQ 36.30+1.03 1.05x10° 0.5640.04 58.0543.71 37.2140.62 3.68%10*
ZQ-HEP 75244296 5.68x10° 009140.01 12847.96 7.79x10° 0.7840.29 5.81x10 1.63x10°  1.49x10"

K6 BAGIRET TN K i B ik A Y
Fig.6 Pictures of screw morphology (a), femoral condyle fracture

model (b), fracture space (c), and rigid fixation (d)
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Fig.7 Gross observation images of surgical sites of experimental Fig.8 X-ray scan of the operation site of two groups of screw experi-
animals at 1 (a, d), 2 (b, ) and 3 (c, f) weeks after operation: mental animals at 1 (a, d), 2 (b, €) and 3(c, f) weeks after operation:
(a~c) ZQ group screw; (d~f) ZQ-HEP group screw (a~c) ZQ group screw; (d~f) ZQ-HEP group screw
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Fig. 9 Observation of bone tissue images (a, c) and histological sections (b, d) of ZQ (a, b) and ZQ-HEP (c, d) screws at 4 weeks after operation

(B: new bone; M: material)
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Corrosion Resistance and Fracture Repair Ability of Magnesium-Calcium Alloy with
Hydroxyapatite/Graphene Oxide/Magnesium Hydroxide Composite Coating

Chen Hewei', Yuan Bo', Wang Linnan? Yang Xi?, Zhu Xiangdong®, Song Yueming?, Zhang Xingdong®
(1. National Engineering Research Center for Biomaterials, Sichuan University, Chengdu 610064, China)
(2. Department of Orthopaedics, West China Hospital of Sichuan University, Chengdu 610041, China)

Abstract: Improving the degradation rate and bioactivity of magnesium in physiological environment is helpful to its application in biomedical
field. Alloying treatment and surface modification are two effective ways. In the present study, a novel surface modification strategy, i.e.
hydroxyapatite/graphene oxide/magnesium hydroxide (HA/GO/Mg(OH),) composite coating constructed on the surface of magnesium-calcium
alloy by the combination of hydrothermal treatment, electrophoretic deposition and electrochemical deposition, were proposed for
magnesium-calcium alloy (ZQ). Scanning electron microscope (SEM) and X-ray diffraction (XRD) analysis confirm that the surface of the coating
sample (ZQ-HEP) is composed of outer nano-sheet HA, middle flocculent-lamellae GO and inner Mg(OH), nano-sheet. The electrochemical
corrosion resistance test in vitro shows that compared with the untreated ZQ, ZQ-HEP has higher corrosion resistance in phosphate buffer solution
(PBS). A rabbit femoral condyle fracture model was constructed to evaluate the fracture repair effect of ZQ samples before and after surface
modification. Postoperative gross observation, radiograph and histological analysis confirm that compared with the untreated ZQ, ZQ-HEP screws
could decrease the hydrogen release obviously and thus the subcutaneous emphysema after implantation into the body. Meanwhile, due to its
higher corrosion resistance and bioactivity, ZQ-HEP screw could maintain its integrity better than the ZQ one at 4 weeks postoperatively, and
induce more new bone growth. Therefore, more rapid fracture healing is observed on ZQ-HEP than ZQ. In conclusion, the multi-functional coating
construction strategy proposed in current study could have good prospect of clinical application. It can not only regulate the degradation rate of
medical magnesium metals, but also significantly improve their osteogenic ability.
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